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- I N T R 0 D U C T I 0 
Transplantation of heteros pecific r alignant tumors 
has been attempted for many years with 1 imited success. 
The basic difficulty encountered in the transplantation 
of tumors from one species to another is the so-called 
s p ecies barrier. It is well known that tissue (protein?) 
of one species, when introduced into the body of a dif-
ferent species, elicits the production ~f ~ntibodies on 
the part of the host that are specific in their destruc-
tive action. The "species barrier" may also involve the 
action of phag ocytes, produced in respomse to the presence 
of a foreign sub stance. There is littl J to indicate that 
these general principles do not apply td neoplastic tissue 
as well as to normal tissue. These mecJ anisms have been 
firmly established as being general and f u ndamental, and 
must be considered with respect to abnoJ mal tissue as well 
as normal. 
The "species barrier" has been partly overcome in 
certain in8tances. Murphy (1913) transplanted the Jensen 
rat sar coma to a developing chick embryo and was able to 
carry the tumor serially in this host. Transfer back to 
the rat resulted in takes, but every at t empt to tra nsplant 
the tumor to adult chickens failed. Putnoky (1930) trans-
planted Ehrlich's mouse carcinoma subcutaneously into adult 
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Tats. A large inocu lum of 300 to 500 mill i grams of tumor 
was used. Growth occurred, but re gression began by the 
tenth day and transfer had to be made at t hat time. Greene 
and Murphy {1945) reported that Putnoky 1 s tumor had been 
maintained by serial transfer since 1929. Greene {1938) 
grew human cancers in anterior chambers of t h e eyes of 
guinea pig s and mice despite the fact t hat all other tissues 
were resistant to s u ch heter ospeci f ic tumor transplantation. 
Heilman and Bittner (1944) cultivat ed a mo use mammary c a r-
cinoma in the yolk sac of the developing ch ick embryo for 
twenty serial transfers. No measurements wer e made and all 
g rowths re gressed. Shrigley, Greene and Duran-Reynals (1945) 
successfully transplan md the Rous chicken sarcoma into the 
anterior chamber of t h e ey e of the guinea pig . The tumor, 
after becoming vascularized in from forty-ei ght to seventy-
two hours, increased by two to three diameters and remained 
quie s cent for six months. They suggesred that the p roperty 
of heterotransplan t a bility is an imp ortant characteristic 
of cancer. Greene and Murphy (1945) used the anterior 
ch ambers of the e yes of g uinea pigs:, rabbits, rats, hens 
and ducks as transp lantation sites for mouse and rat car-
cinomas and sarcomas. Animals of both sexes and of dif-
ferent ages were used, with no significant variation in the 
results obtained. There were few takes in f i rst g eneration 
transfers to the new strains but serial passage increased 
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_the tran splantabili ty. Ultimately growth occur red in all _ 
sites with little difference in the morphology or behavior 
of the tumors. These authors transplanted rat and mouse 
tumors from the anterior chambers of the eyes of mice and 
guinea pigs into t h e testes and skeletal muscles of other 
mice and rats. These transplants proved successful in a 
small percentag e of cases. However, all the tumors re-
gressed in from ten to fifty days. Greene and Murphy con-
cluded from their experimentation that, "invasion marks 
the attainment of autonomy and from the point · of view of 
autonomy true homologous transfer and heterologous transfer 
possess the same significance". Greene (1946) transplanted 
highly specific mouse tumors into the anter i or chambers of 
the eyes of guinea pigs. The t u mors showed little varia-
tion in behavior, and one could not be differentiated from 
the other by their manner of growth. Vascularization was 
usually apparent by the third day after transplantation. 
Growth was rapid and the anterior chamber was filled by the 
tenth day. The majority of t u mors regressed. Occasionally, 
after approximately ninety days, the cornea ruptured and the 
tumor protruded. Greene (1948), again tra nsplanting into 
the anterior chambers of the eyes of g uinea. pigs and rabbits, 
showed that human normal adult tissue, benign tumors, and 
pre cancerous tissue would not grow; while transplants of 
human malignant tumors and normal embryonic tissues proved 
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successful. Schlumburger and Lucke (1949) transplanted 
fro g carcinoma into ant erior chambers of the eyes of toads. 
Their experiments indicated that t h e maintenance of the re-
sulting tumors was facilitated by repeated transfer, and 
the inv asiveness was greatly enhanced. Greene (1949) using 
mice, rats, hamsters, and g uinea pigs as heterolog ous hosts, 
tra nsplan t ed t he Brown Pearce carcinoma, an epidermoid car-
cinoma of the scrotal skin of the rabbit. The anterior 
. chamb er of the eye, subcu taneot: s and intramuscular tissue, 
the testicle and the kidney were used as transplantation 
sites. Growt l 1 was apparent in all sites in the mice, rats, 
and hamsters. No metastases occurred, and the transplants 
ultimately re gressed. All attempts of Brown Pearce car-
cinoma transplantation into g uinea pigs failed. 
Fulton, Jackson and Lutz (1946) introduced the cheek 
pouch membrane of t h e g olden hamster for cinephotomicroscopic 
studies on small blood vessels. Lutz, Fulton, Patt and 
Handler (1950) used the hamster cheek pou ch as a medium for 
homologou s tran splantation of ch emically indu ced sarcomas. 
In this membrane microscopic or semimicroscopic implants can 
be observed, me asu red, and photo graph ed at successive stages 
of vascularization and growth in an undisturbed, physio-
logically normal environment. 
Since homologous tumor transplan ts were ob served to 
grow quite readily in the hamster cheek pou ch, it was 
thought that this preparation cou ld possibly be used as a 
medium for heterospecific transplantat i on. It is tbe pur-
pose of this dissertation to introdu ce the hamster c heek 
pouch as a site for g rowth of heterospecific tumor tissue 
and to present further evidence to show its practicability 
as a preparation to be LJBed in the b asic stu dy of the effect 
of host tissue on trans p lanted cells and v i ce versa. 
MATERIALS AND METHODS 
- The Hamster Cheek Pouch 
The hamster cbeek pouch membrane i .s a paired structure 
situated inside the oral cavity. Its function is for temp-
orary storag e of food. It possesses numerous long i.tudinal 
muscu lar folds Which cause it to be extremely distensible. 
Priddy and Brodie (1948) stated its si ze as a pproximately 
3 to 5 centimeters long, 1 centimeter wi de, and from o. 4 to 
0.5 millimeters thick when emp ty and rel axed. In this condi• 
tion the pouch exte nds from tbe mouth dors ocaudad to a posi-
tion near the should er. These authors also found tha t arter-
ial blood is supplied to the cheek pouch by way of sup erfic-
ial branches of the ext ernal carotid artery . Venous b lood 
is returne d by branches of the ante r ior facial vein. These 
authors further maintained that the cheek pou ch is inner-
va t ed by superficial bran che s of the f a c i al and sp inal a ccess-
ary nerves. 
Histolog i cally t h e cheek pouch wall consi s ts of four 
discernib le layer s (Fulton, Jack son and Lut z , 1947). It 
is lined with stra tified squamous epith elium, comp osed of 
from t wo to five l a yers of' cells, and with a sligh t amount 
of cornif'ication on the surface. A rath er compact layer 
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of fibrous connective tissue is found under the epithelium. 
Many longitudinal striated muscle fibers are located in the 
third layer near the apertur e of t h e pouch, but are absent 
from t h e blind end. Finally, loose areolar connective 
tissue unites the wall of the pouch to the supcutaneous 
tissue of t h e cheek. The above authors found blood vessels 
to be numerous in both connective tissue layers and striated 
muscle (Fig. 15}. 
Transplantation Technique 
The technique employed in the transplantation of 
heterospecific malignant turner tis sue is essentially the 
same as that described by Lutz et al. (1951) in the trans-
plantation of homologous malignant tumor tissue. The hamster 
is anesthetized with sodium nembutal (Abbott), 6.0 per cent 
sodium pentobarbital, administered intraperitoneally, with 
an initial dose of 0.15 cc. per 100 gm of body weight and a 
fortification dose of 0.05 cc. if necessary. The animal is 
placed in a specially adapted spun stainless steel Petri 
dish measuring 6 inches in diameter. It is equipped with a 
hard rubber insert which occupies two thirds of the area. 
The remaining portion is sli ghtly depressed and consists of 
an optical glass platform (0.75 square inch) placed over a 
circular aperture (0.8 inch in diameter) in t h e dish. The 
platform, cemented to the bottom, is surrounded (0.5 inch 
on each side} by a hard rubber frame. With the animal 
placed on the large rubber insert (Fig. 1) and the head fac-
ing the depressed portion of the dish, the cheek pouch is 
everted by gentle traction with forceps or by suction with 
a bulb aspirator. The nonmu scu lar, blind-end portion of the 
pouch is selected as the transplantation site. This thin, 
transparent, highly vascular re g ion is pinned out over the 
glass platform by inserting 11 bank 11 pins (0.5 inch) through 
the tip of the pouch into the hard rubber frame su rrounding 
the glass platform. Thus, with the pouch pinned out in this 
manner, two superimposed flat layers are presented. Mammal-
ian Ringer's solut ion, applied to the c heek pouch with a 
medicine dropper pipette, keeps the membrane moist. 
The entire transplan tation procedure . is carried on under 
a binocular dissecting microscope (9x). The microscope is 
attached to an arm which allows it freedom of movement. The 
transplantation site is illuminated with reflected light. 
With fine pointed scissors, a small incision (approximately 
one millimeter) is made through the epith elium of the pouch. 
Extreme caution is taken that none of the blood vessels is 
cut during this operation. Sharp forceps are inserted through 
the incision and a small pocket is made in the connective 
tissue. The len gth and width of the i mplant is measured by 
means of an ocular micrometer. Its thickness is determined 
by foc u ssing on the top and the bottom of the implant and 
gauging the difference on a vertical scale that is attached 
to the side of t he microscope. A fragment of tumor tissue 
(one cubic millimeter) is implanted with fine pointed forceps 
into the pocket previously made in the connective tissue of 
the pouch. When the pins are removed, the inc i sion, through 
which the implant had been inserted, closes due to the con-
tractility of the pouch, and the tumor becomes secure. Fin-
ally the cheek pouch is gantly push ed back to its orig inal 
position in the cheek. Wounds resulting from the incision 
and from insertion of pins heal in a few da ys . No infection 
or scarring has been observed and the pouch may be everted 
daily if necessary. 
Subplantation ha s been s uccessful fo r both serial cheek 
pouch transfer and transfer to ot :ner sites, ·such as the anter-
ior chambers of the eyes of guinea pig s, mice, and frogs. 
In a few isolated cases subpla ntation has been made s ubcutan-
eously into mice. Preparation of the pouch for obtaining 
the tissue for subpla ntation is essentially the same as for 
initial implanta tion. After the pouch is everted, pinned 
out over the glass p l atform and bathed in Ringer's solution, 
a semicircular incision is made with fine pointed scissors 
through t~e epithelium adjacent to the tumor tissue. The 
epithelial layer over the implant is turned back, care being 
taken to avoid large blood vessels, and the tumor is excised. 
The small amount of ch eek pouch stroma remaining attached to 
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the tumor tissue is removed. If the implant has become vas-
cularized, the small blood vessels attached to the tumor are 
allowed to remain int act. The pins are removed and the cheek 
pouch is replaced. The excised tumor tissue is then subplan-
ted with equal success into eith er the cheek pouch on the 
opposite side of the same animal or into a ch eek pouch of 
another hamster. 
Subplmtation into the anterior chambers of eyes is 
effected by making a small incision with a sterile sc~lpel 
at the junction of t he cornea and sclera, and a fragment 
(one cubic millimeter) of tumor is inserted with sterile 
eye forceps. By gentle pressure on the cornea with blunt 
forceps, the implant is forced down into the anterior cham-
ber. The eyes are bathed with an aqueous solution of Zeph-
iran. Subcutaneous subplantation of tumor tissue into the 
back of a mouse is accomplished by first making a small 
incision with a sterile scalpel, and then with sterile for-
ceps a pocket is made just below the skin. A fragment of 
tumor (one cubic millimeter) is implanted, and the incis-
ion is closed by applying a sterile wound clip. Finally, 
the area is painted with a non-irritating antiseptic. 
Methods of Observation 
Following implantation into the cheek pou ch, the tumor 
tissue is observed at regu lar intervals. The preparation of 
the pouch for observation is the same as previo usly explained 
for tumor transplantation. The pouch is pinned out over the 
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glass platform in the preparation dish so that t h e im-
plant is exposed. By observing through the binocular dis-
secting microscope, using transillumination for the early 
stages of growth and reflected light for the later stag es, 
one may study the vasculari zation and general gross morph-
ological characteristics of the tumor tissue. When growth 
occurs, increase in size is measured with ocular micrometer 
and the vertical scale attached to the microscope. Period-
ically the binocular microscope is replaced by a camera 
which is affixed to t h e moveable arm (Fig . 2) and photo-
g raphs are taken of the implant and its ensuing growth and 
trans format ion. 
Histological sections of all original donor tissue, 
metastases, and subsequent transplanted tissue were prepar-
ed. Tissues were fixed in either Bouin 1 s or Zenker's solu-
tion, dehydrated with graded percentages of ethyl alcohol 
and embedded in paraffin. Sections were cut at from 6 to 
10 p and stained with Harris's hematoxylin and eosin y and 
phloxine b. 
In the preparation of histolog ical sections of freshly 
implanted tissue or tissue in early stages of growth (one to 
ten cubic millimeters) the entire transplantation site is 
pinned out on a piece of cork (0.75 square inch). This area 
is ligated with silk thread and severed from the remaining 
portion of t h e pou ch. The pou ch is retu rned to its position 
in t h e cheek of the animal, and in a few day s rapid healing 
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without infection takes place. 'l'he transplant ation site 
tog ether with implanted tissue, pinned o u t on cork, is 
placed in the fixative. Following fixation, the pins and 
cork are removed, an d the tis sue underg oes the rem a ining 
steps of preparation for sectioning exactly the same as 
was previously explained f OI"' all other tumor ma te rial. 
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Figure 1 
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Figure 2. 
Donor Material 
Spontaneou s and chemic ally (methylcholanthrene and 
benzpyrene) induced malignant tumors were utilized as donor 
mat erial for imp lantat i qn into hamster cheek p ouches. Frag -
ment s of normal h amster muscle, thyroid, liver, adrenal, 
and cheek pouch tissue were used a s donor material for con-
trol animals. 
A. Spontaneous Tumors 
1. Renal a d enocarcinoma of the fro g 
Lucke (1938) has described an adenoc a rcinoma wh ich occurs 
in one or both kid neys of a small percentag e of leopard 
fro g s (Rana pipiens). The t umors ap pear as wh ite, individual 
or multiple, solid or partially cystic g rowths which vary 
in size from small nodules to l a r ger irregular masses many 
times the volume of t h e kidney which they rep lace. The larg er 
tumors commonly become metastatic. 
Histologica lly the a ppearance is t h at of a typ ical 
adenocarci noma (Fi g 's. 16, 17). The constituent epithelial 
cells are atypical and larg er and more basophilic than 
normal kid ney cells. The cell s are crowded into from one 
to seve ral disarranged layers a r ound abnormally formed 
gland-like acini. Numerous mitotic fig ures indicate aC:.ti ve 
proliferation. The stroma is meager and vasc ularization is 
poor. No capsu le app ears and extensions of the tumor in-
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filtrate and destroy the adjacent kid ney. An important 
characteristic oft he f r og tumor is the frequent presence of 
acidophilic intranuclear inclusion bodies. 'I'hey are limited 
to the tumor cells and never have been observed in the normal 
epithelium of kidneys bearing t umors, nor do they appear in 
the cells of other organs. 
2 . Mammary adenocar~inomata (variable type) of the mou se 
These tumors have occurred spontaneously in a small 
numbe r of adult, female, albino mice of an unknown strain 
maintained in our laboratory. In this form of mammary cancer 
the gross lesion appears as a soft, hemorrhagic, bulky, white 
tumor. The skin is stretched over the bulging mass and occa-
sionally ulceration occurs. It is ordinarily spherical in 
shape and usually grows very slowly, but may rapidly enlarge 
(over 2 .5 centimeters in diameter) because of hemorrhage or 
necrosis (Anderson, 1948). When the tumor becomes larg e, 
metastases frequently occu r involving lymph g lands and lungs. 
Histologically this type of adenocarcinoma exhibits 
gland-like formations as does the normal mammary gland (Staff 
of Roscoe .b. Jack son Memorial Laboratory, 1941). However, 
these gland-like formations display a wide variation in size 
and arrangement (Fig's. 25, 26). There is a varying de gree 
of definite lumen formation surrounded by epithelial tumor 
cells ranging from one to several lay ers in thickness. These 
cells exhibit frequent mitoses, may be large or s mall, cuboidal 
in shape and dis play considerable 1 o ss of normal orientation. 
There is often a gradation from abortive glan:is with definite 
lumen formation to disarranged nests of large and small, cu-
boidal epithelial tumor cells, with numerous thin-walled blood 
vessels and little stroma within the tumor nests, but with dense 
stroma separating t h em. Portions of t h e tumor exhibit imper-
fectly formed glands which may be large, small or of fairly 
uniform size situated around a necrotic focus of tumor cells. 
3. Malignant melanoma of t h e mouse 
This tumor has occurred spontaneously in the skin of 
the dba stock of mice at the Roscoe B. Jackson Memorial 
Laboratory. Its date of origin was July 12, 1937, with a 
survival time in an individual mouse of six to eigj:lt weeks. 
The tumor grossly ap p ears brown to black. It is smooth and 
rounded and exhibits tiny black foci extending into the ad-
jacent tissues. Metastases frequently occur involving lymph 
nodes and lungs. 
The histopathology reveals tumor cells which are ex-
tremely pleomorphic with a preponderance of large oval and 
smaller spindle shaped cells (Fig. 35). The cytoplasm of 
many of trese cells is filled with a closely packed fine 
brown pigment, melanin. The general architecture of the tumor 
consists of pigmented cells 1 i g htly dispersed among closely 
packed unpigmented cells. The nuclei are extremely anaplastic 
in all cells, and many are highly vacuolated. Mitotic fig-
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ures are numerous and invasion of a d jacent tissues is exten-
si ve. 
4. Mouse sarcoma 180 
Sarcoma 180 was first observed as a spontaneous tumor at 
the Crocker Laboratory, Columbia Uni ver si ty, o:h October 26, 
1914, in purchased stock mice. The microscopic diagnosis at 
that time was "carcinoma". The Crocker Laboratory !18. s carried 
t he tumor in Paris RIII and Longacre mice, and have ha.d one 
hundred per cent takes. This tumor will grow in other strains 
of mice on transplantation. A tumor is palpable four to five 
days following transplantation. Although it ulcerates in four-
teen days, it has a survival time of four to five weeks in a 
single mouse. The tumor used in ourlaboratory was obtained 
from the Roscoe B. Jackson Memorial Laboratory. 
Grossly, a subcutaneously transpl anted tumor appears as 
a firm, white, non-encapsulated mass. Its histological ap pear-
ance is identical to that described by Levine (1931}. The 
tumor possesses small cells ~th rounded nuclei. Both rest-
ing and dividing nuclei are evident. The nuclei are well diff-
erentiated, and the chromatic ma t erial is found mainly around 
the nucleolus and about tbe p eriphery of the nucleus. The 
cytoplasm is made up of a fine, pale, granular reticulum. Nec-
rotic areas are not uncommon even in transplants a few days 
old. The cells in the necrotic areas are characterized by 
pyknotic nuclei with much nuclear debris in the cytoplasm and 
in the intercellular spaces. Giant cells are common in mouse 
sarcoma 180. Many of the g iant cells are multinucleate. The 
nuclei are nonnal in appearance. Each is well differentiated 
and stains heavily. Levine states that many of these multi-
nucleate ;giant cells resemble giant cells in human cancer. 
Tripolar or tetrapolar spindles are apparent in g iant cells. 
The intercellular stroma is faint and inconspicuous (Fig. 48). 
B. Induced Tumors 
1. Rat fi bro sarcoma 
Tumors were induced. in four black rats of the Long 
Evans strain maintained in our laboratory. Four weekly in-
jections of 0. 2 cc. of a o. 4 percent solution of benzpyrene 
in oil of lard were made, according to the method described 
by Gye and Fould s (1939). The first injection was made into 
the subcutaneous connective tissue in the right hind thigh. 
All subsequent injections were made as closelJ'· as possible 
to the same area. Tumors were palpable in from thirteen - to 
fifteen weeks. At four months each tumor ap pe ared as a le.r g e, 
bulging , compact mass, 3 to 5 centimeters in diameter. The 
skin was stretched over the tumor and no necrosis was ob-
servable. Metastases occurred in tbe lungs, inguinal lymph 
glands, and striated muscle tissue of the right thigh. The 
tumors induced in th:i. s manner exhibited t he diagnostic 
characteristics of fibrosarcomas (Staff of Roscoe B. Jackson 
Memorial Laboratory, 1941). 
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Grossly the fibrosarcoma is a firm non-encapsula ted 
mass with a smooth, rounded white surface. Microscopically 
it reveals closely packed spindle-shaped tumor cells which 
are dispersed among interlacing b ands of fibrous connective 
tissue tumor cells (Fig. 39~. The stroma surrounding the 
individual tumor cell is difficult to identify, but appears 
to be composed of inconspicuous stromal connective tissue 
cells. Many thin-walled b lood vessels are evident. Fibro-
sarcoma tumor cells appear slightly separated, as though 
shrunken away from the intercellular stroma. The cells vary 
in size from medium to large, with mononucleated and multi-
nucleated tumor cells frequently present. Sarcoma cells 
vary in shape from rounded to long, narrow spindle cells. 
The cytoplasm appears p a le, acidophilic and possesses faint 
longitudinal striations. Nuclei are elongated, moderately 
hypo chromatic, irre gular in ou t line, with one to several 
large nucleoli, which are g enerally centrally located. Some 
of the large cells have a stippled appearance due to the 
presence of tiny vacuoles. Since no encapsulation occu rs, 
the neoplastic cells readily penetrate the adjacent tissues. 
In degenerative tumors, signet ring cells occur. The nucleus 
and cytoplasm of these cells are compressed into a small 
peripheral mass. 
2. Mouse lymphosarcoma 
This tumor was induced with methylcholanthrene in the 
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-c3H stock of mice at Ya le University and it was found to be 
strain specific, t hat is, it will grow only in c3H mice. 
It has been transplanted subcutaneously in the re g ion of the 
cutaneous maximus muscle, and has been maintained by serial 
transfer at the Roscoe B· Jackson Memorial Laboratory. The 
survival time of the tumor in any individual c3H mouse is 
three to four weeks. 
Grossly, thetumor appears as a larg e, white, diffuse, 
infiltrating mass. Histolog ically, its dia gnostic character-
istics are similar to thos e of a lymphoblastoma (Fi g . 45). 
This type of tumor consists of larg e masses of cells re-
sembling immature lymphoblasts and reticular cells. A rel-
atively small number of cells resembling mature lymphocytes 
are also present. The lymphoblastoid cells are larger, and 
show more pleomorphism. There is very little cytoplasm in 
any of the tumor cells. Mitotic fi @l res are observed in all 
parts of the tumor, and abnormal mitotic fi gures are often 
present. The stroma s urrounding tbe cells is almost incon-
spicuous and few blood vessels are visible. Metastases occur 
f requently in lymphoid as well as non-lymphoid tis sues. 
3. Guinea pig sarcoma 
A sarcoma was induced in one of fo u r guinea p i g s with 
benzpyrene, using the method described by Gye and Foulds 
(1939). Four weekly -injections of 0.2 cc. of a 0.4 per cent 
solution of benzpyrene i.n oil of lard was administered into 
the subcutaneous ti s s ue at the nape of the neck. A palpable 
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swelling appeared after two months at the site of injection. 
One month later the animal died, and a large spherical tumor, 
2 centimeters in diameter, was excised. Grossly tbe induced 
tumor appeared as a firm, smooth, hemorrhag ic, lipoidal rna ss. 
Due to an unfortunate accident none of the orig inal t u mor 
was subjected to histological analysis. However, a fra gment 
of the tumor was s a l v a ge d, and was utilized as donor material 
for transplantation into hamster c heek pou ches. Here its 
histolog ical character i s tics were those of a sarcoma, as will 
be described later. 
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Experimental Procedure 
The following e xperiment s were und ertaken by employing 
the previously explalned techniques for transplantation, 
s ub p lantation, and observation: 
1. (a) Spontaneous renal adenocarcinomas (imp lant size 
one cubic millimeter) from four leopard frog s were trans-
planted directly into the cheek pouches of twenty-five ham-
sters. Following implantat ion, the tumors which sub sequently 
developed · in the cheek pouches of eleven of the animals 
remained completely undisturbed, except for observations and 
measurements. The remai ning fourteen implants were con-
tinually subplanted into cheek pou ches of other hamsters, 
or into the cheek pouch on the opp o s ite side of t h e same 
animal. Only those tumors that showed signs of regression 
we re subplanted. 
(b) Portions of a renal adenocar cinoma (implant si z e 
' 
one cu bic millimeter) from a single frog, were transplanted 
into the ri ght anterior cha mbers of the ey es of thr e e frogs. 
After two months, parts of the tumors which h ad developed in 
the frog eyes were retransp lanted into the c heek pouches of 
six hamsters. Of these six transplants, four were allowed 
to d evelop undisturbed ex cept for observations and measure-
ments, and two of t h ese t r ans plants were subplanted into 
other cheek pou ch es whenever nece s sary (wh en the process of 
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~egression was first- noted). 
(c) Portions of a renal adenocarcinoma (implant size 
one cubic millimeter) from a frog, were transplanted directly 
into cheek pou ches of two hamsters. After ninety-three days, 
parts of the tumors that developed in these cheek pouches 
were subplant~d into the right anterior chambers of the eyes 
of two frogs. These subplants developed in the frog eyes, 
and were subsequently retransplanted into two hamster cheek 
pouches. 
2. (a) Spontaneous mammary adenocarcinomas (implant size 
one cubic millimeter) from seven albino mice were transplanted 
into t he cheek pouches of twenty-five hamsters. The implants 
in the cheek pouches of thirteen of these hamsters remained 
undisturbed. The implants in the cheek pouches of the twelve 
remaining animals were subplanted into other cheek pouches 
whenever regression began to occur. 
(b) A portion (one cu bic millimeter) of a mouse mammary 
adenocarcinoma was transplanted into a single hamster cheek 
pouch. A tumor subsequently developed, and a few fragments 
were subplanted into the right anterior chambers of the eyes 
of three albino mice. 
3. (a) Portions of a malignant melanoma (implant size one 
cubic millimeter) from a single dba mouse were directly trans-
planted into the cheek pouches of twelve hams t ers. Six of 
the implants remained undisturbed, and the r emaining six were 
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subplanted into other cheek pouches whenever re gression be-
gan to occur. 
(b) One of the subplanted tumors, part (a), subsequently 
developed in a cheek pouch. A few fra gments of this tumor 
were retransplanted subcutaneously into one mo use of the dba 
stock. Another fra gment of this cheek pouch tumor was trans-
planted into the anterior chamber of the eye of a guinea pig. 
4. (a) Portions of an induced fibrosarcoma (implant size 
one cubic millimeter) from one rat of the Long Evans strain, 
were transplanted into cheek pou ches of ten hamsters. Five 
of these implants were allowed to develop undisturbed, and 
five of the implants were subplanted when reg ression began 
to occur. 
(b) A fragment of one of the tumors which were all owe d 
to develop undisturbed wa s s u bplanted into the anterior cham-
ber of the eye of a guinea pig. 
5. Induced lymphosarcoma of the mouse (Yale, strain c3H) 
was transplanted into hamster cheek pouch es and into the eye 
of a guinea pig as in 4 (a, b), above. 
6. Guinea pig sarcoma (benzpyrene-induced B.U.) was similarly 
transplanted into cheek pouches ana a guinea pig's eye. 
7. Then sarcoma 180 (Columbia via Jackson) was similarly 
transplanted into cheek pouch es. Transplants of this tumor 
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lnto the guinea pig eye were not made because its malignancy-
has been established. 
8. (a) Normal adult hamster muscle, thyroid, liver, adrenal 
and cheek pouch tiss ues were used for transplantation into 
control hamster cheek pouches. Single implants (one cubic 
millimeter) were made into twenty-five cheek pouches. 
(b) Normal cheek pouch tissue was transplanted into the 
anterior cham bers of the eyes of three leopard frog s. 
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R E S U L T S 
A. Growth of Tumors in the Cheek Pouch 
Transplantation of heterospecific tumor material into 
the hamster cheek pouch resulted in a marked tissue reaction. 
The area became extremely hemorrhagic, and blood laking was 
extensive. The reaction subsided in all cases of malignant 
tumor transplants after t h ree days. This reaction was at-
tenuated by serial subplantation, until on the third or fourth 
passage no such reaction was noticeable. However, this re-
action persisted for over ten days in cheek pouch es where 
normal adu lt tissues were implanted. 
1. Vascularization 
Implanted tissu e was considered as having become vascular 
when small branches of cheek pouch blood vessels were first 
noted invading the tumor. All malignant tumors became vas-
cu lar from the third to t he fifth day following implantation 
into cheek pouches and there was no apparent change in the 
time of vascularization regardless of the donor, type of tumor, 
or number of passages (Table 1). None of the normal adult 
tissues transplanted into cbeek pouches displayed any signs 
of b ecoming vascular. 
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2. Size of Tumors 
None of the malignant tumors used showed any measurable 
increase in volu~e during the first few days after transplanta-
tion. Furthermore, this latent period was not significantly 
affected by serial transplantation (Table 1). Vasculariza-
tion of the tumors took place during this period. Details 
of the growth characteristics of each of the tumors used 
follow. 
a. Renal adenocarcinoma of the frog (spontaneous B.U.) 
Following the latent period, the vascularized cheek 
pouch t u mor slowly increased in volume. Grossly it appeared 
as a white, irregular, smooth, non-encapsulated mass (Fig . 4a). 
Thirty days after implantation the tumor volume had almost 
tri.pled. The volume of second passage tumorE> averaged almost 
sixteen times that of the first passage transplants after an 
equivalent period of time. After five or six passages the 
t1mors had enlarged to volumes averaging thirty-two and 
forty-nine cubic millimeters, respectively (Table 1). 
b. Mammary adenocarcinoma of the mouse (spontaneous B.U.) 
Twenty days following implantation the tumor size aver-
a ged approximately nine cubi.c millimeters. The cheek pouch 
tumor was a smooth, whi te, flat, non-encapsulated ma.ss. Vas-
cularization was extremely extensive in all cases (Fig . 5). 
Subplantation further increased the volume so that a.fter four 
passages the tumor averaged almost twenty-two cubic millimeters 
(Table 1). 
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c. Mali gnant melanoma of the mouse ( dba Jackson) 
After a sin~le passage, cheek pouch tumors bad increased 
to almost five times the volume of the implanted tissue 
(Table 1). A maximum si z e was attained in approximately fifty 
days. Grossly the tumor resembled the donor in that it ap-
peared black , smooth and round ed, with small black foci pene-
trating the adjacent tissues. A second passage tumor showed 
further growth, reaching dimensions avera ging nearly twenty-
four cubic millimeters. At this stage of development, the 
distinguishing black pigment could not be observed under the 
binocular microscope, and the tumor appeared white. A third 
passage revealed an amelanotic tumor which had g rown to ap-
proximately thirty-four cubic millimeters. 
d. Rat fibrosarcoma (benzpyrene induced B.U.) 
First passag e tumors reached maximum size almost twenty 
days after impl antation into cheek pouches. Five transplants 
into cheek pou ches were made. Four of these showed comparable 
growth, attaining an averag e maximum volume of eight cubic 
millimeters. The fifth one was atypical with respect to the 
others, having grown to a maximum volume of one thousand 
cubic millimeters. 'I'he average maximum size of all five 
transplants was nearly two hundred and fifteen cubic milli-
meters (Table 1). Grossly all cheek pouch tumors closely 
resembled the donor ma t erial. They ap peared white and vas-
cular with a smooth, rounded surface (Fig . 7). Second and 
third passages produced tumors averag ing from thirty-two to 
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forty times the volume of first passage transplants (Table 1). 
e. Mouse lymphosarcoma (methylcholanthrene induced c3H 
Yale) 
After a latent period of less than five days, first 
passage cheek pouch transplants grew rapidly and reached a 
maximum size of six cubic millimeters in seventeen days. The 
tumors appeared white and rounded, with no yisible capsule 
(Fig. 8). Second and third passages further increased the 
volume, and a fourth passage showed that the orig inal implant 
had enlarged almost thirty-eight times (Table 1). 
f. Guinea. pig sarcoma (benzpyrene induced B. u.) 
During the first passage in the hamster cheek pouch, 
guinea pig tumor transplants grew to almost ten cubic milli-
meters in ap p rox imat ely fifteen days. Grossly the · tumor ap-
peared as a firm, wh ite, smooth spherical mass (Fig. 9). Pass-
ages two through five showed only a sli ght increase in tumor 
volwne . However, a sixth passage revealed t h at the i mplant 
had enlarg ed ne2rly forty-three times (Table 1). 
g . Mouse sarcoma 180 (Columbia via Jackson) 
After a latent period of four day s the first passage 
cheek pouch implants rapidly increase d in volume, and at six-
teen days reached a maxi mum size, avera ging 1.04 cubic cent-
ime te r s. The tumor appeared grossly as an elli p tical, hemo-
rrhagic, non-encapsulate d m2ss, with a solid consistency, and 
f urrowed surface (Fi g . 10). Second and third passages in the 
cheek pouch resulted in no signi f icant chang e from the first 
(Table 1). 
30 
3. Duration of tumors in cheek pou ches (Table 1). 
a. Renal aden oca r cinoma of th e fro g (sponta neous B. u.) 
First passage cbe ek pouch tumors, after reaching maximum 
size, began to regress on about tbe thirty-fourth day follow-
ing implantation. In approximately forty-five days re gression 
was complete. At this time, no ·:visible signs of a tumor re-
mained, nor was necrosis apparent, and the cheek pouch once 
again appeared normal. Second passage tumors began to dimin-
ish in size after eighty days, and persisted for eighty-six 
and one-half days.; Subsequent passages further increased 
the duration of tumor persistence. After four to six pa sss.g es, 
tumors have been maintained in cheek pouches for over two 
hundred days, and are continuing to increase in si z e although 
at a much reduced rate. 
b. Mammary adenocarcinoma of the mouse (spontaneous B. U.) 
First passage cheek pouch transplants began to regress 
after t wenty days, absorpti on being complete after twenty-
five days. Second passage tumors rema ined at maximum volume 
until the fiftieth day, and regression was complete after 
sixty-two days. Third and fourth passage tumors have con-
tinued to g row steadily, and after almost thirty-nine and 
fifty-three days respectively, have shown no external indica-
tion of re g ression or necrosis. 
c. Malignant melanoma of ·the mouse (dba Jacks on) 
Single passag e cheek pouch implants, after having attain-
ed ma ximum size, be gan to show signs of regression on the 
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fifty-sixth day and ba d disappeared by the ninety-sixth 
day. Second and third passages h a ve maint ained t umors wh ich 
are at present still g rowing , so that this tumor has been 
maintained outside of its orig inal host for one hundred and 
fifty days, so far. 
d. Rat f ibrosarcoma (benzpyrene induced B.U.) 
Fi r st passage tran sp lants be gan to diminish in si ze on 
a b out the t wenty-third day after being imp lanted, although 
complete absorption did no t take place until the thirty-
fourth day. However, one transp lant proved to be exceptional 
(pag e 29 2d) in that it increased in size at such a rapid rate 
that it beg an to become necrotic after app ro ximately thirty 
days. F r a gments of this transplant had to be subplanted into 
other chee k p ouches in order for it to be maintained. Second 
and third p assage cheek pouch tumors continue to persist, 
making the total persistence of t his tumor outsid e of its 
normal host one hundred days, so far. No furth er visible ne-
crosis or reg ression h as taken place. 
e. Mouse l ymphosarco ma (methylcholanthrene induced c3H 
Yale) 
Af'ter reaching maximum si ze, first pa ssage cheek pouch 
transplants b egan to re gress on the nineteenth day follo wing 
implantation. Comp lete re g r e ssion did not occur until the 
twenty-ei ghth day. .Subsequent p assages increased the duration 
of tra nsplants, and second, third and f'ourt h passage trans-
plants have continued to incre ase slowly in size up to the 
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. present, with a total duration exceeding one hundred days. 
f. Guinea pig sarcoma (benzpyrene induced B.U.) 
In their first cheek pouch passage, transplants of the 
guinea pig tumor started to re gress on a bout the sixteenth 
day, persisting for thirty days before becoming completely 
absorbed. Passage s two through five have greatly increased 
the time in which cheek pouch tumors have persisted outside 
of their original host. Tumors were thus maintained for 
over one hundred and eighty-four days without showing out-
ward signs of diminishing in size, or of becoming necrotic. 
g . Mouse sarcoma 180 (Columbia via Jackson) 
After attaining max .imum size, transplants of sarcoma 
180 in the cheek pouch s t arted to ulcerate on the seven-
teenth day followin g i mplantation, and be came completely ne-
crotic by the twenty-ei ghth day. When ulceration was first 
observed, a fragment of tumor was excised and subplanted into 
another cheek pouch. A tumor subsequ ently developed, reached 
maximym size, and became necrotic. This procedure was re-
peated in a third passage. By means of this serial trans-
plantation sarcoma 180 is still alive and growing in the 
hamster after sixty-five days. 
h. Normal adult hamster tissue 
None of the normal adult hamster tissue cheek pouch 
transplants displayed signs of vascularization or growth, and 
all became completely absorbed in twelve days. A severe re-
action occurred during the entire duration of implant per-
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sistence, and at no time was tissue avallable for effec-
tive subplantation. 
Tumor P~ s s. No. VBs c. La t e P.t Max . size Be g in. Av. dur . TotE" ] 
r n ima1s e.v. de y, p e riod ( cu. J!1Il1. 0 ) reg r es s per pa ss. d u rat ion 
EJ V davs av r a ng e a u 
' . d a ys d a ys d a ys 
1 11 4 7 2.95 2 .5 - 20 34.5 44.5 44.5 
Frog r e n e. 1 2 5 3.6 7 15.8 8 - 44.8 80 8 6.5 160 
a denoc arcinoma 3 4 4 6.5 19.5 10-48 30 32.5 165 
( spon. B. U.) 4 1 3 6 30 - - 30 + 200+ 
5 3 3 .5 6.5 32 .5 9. 7-48 - 44 0 6 + 200+ 
6 1 3 6 48.6 - - 62 + 200+ 
Mouse mammary 1 13 4.3 5.9 8.9 5 -14 . 3 20 25 25 
adenocerc i noma 2 2 5 7.5 14.7 10-19.5 28 35 62 
( spon . B. U. ) 3 5 4.6 7 12.6 6-15 - 38.5 + 180+ 
4 I:; 4 . 2 7 21.8 1 0 - 49 5 2 .6 + 180+ '-' -
Mouse ma1ig . 1 6 4.7 6.8 4.9 3 - 7.95 5 6 95.6 95.6 
I'le 1e. noma 2 4 3.8 6 .5 23.5 3 - 44 - 42 + 150+ 
{ dba Ja c kson) 3 2 3 .5 6.0 34 30 -38 - 44.6 + 150+ 
Ra t fib r o sc: rcoma 1 5 3 .5 5.8 214.9 3 .5-1000 22.8 34 34 
(bcn7p yr e ne 2 4 4 .3 7.3 32 1 8 - 80 - 37 .5 + 10 0+ 
induc e d B. U . ) 3 1 5 7 40.5 -
-
30 + 100+ 
Mouse 1 5 3.5 4.5 6 3 . 38 - 8 19 28 28 
l ~rrrpho serc orne 2 2 3 4 10 8 - 12 
-
22 .5 + 100+ 
( me thy1cho1. 3 2 4. 5 6.5 1 2 .5 8 -15 
-
25 + 100+ 
indue. c3H YF.1e) 4 1 3 5 37.8 -
-
32 + 100+ 
GuineP p i g 1 5 3 .5 4.5 9.8 5.8-20 1 6.3 30 30 
s a rcoma 2 1 3 4 1 2 - - 125 + 184+ 
(b e n?.pyre ne 3 1 4 7 18 .8 - - 32 + 184+ 
induced B . U .) 4 1 3 7 20 . 5 - - 3 7 + 184+ 
5 1 3 5 1 8 . 8 - - 35 + 184 + 
6 1 3 4 4 2 .8 - - 28 175xx 
Mouse sa rc. 18 0 1 5 3 4 1104 0 1000 i l.11 28 28 ( Co1umbie via 2 4 3 3.5 IJ_ooo 1200 bec a me 22 + 65 + 
J a c k son ) 3 1 3 4 1200 - n e crotic 15 + 65+ 
Ta ble 1. 
Table 1 
Summary of heterospecif:Lc tumor transplants into hamster 
cheek pouches 
First column (Tumor) In this column are designated the 
tumors used as donor material for transplantation. 
Second column (Passage) The number of passa ges through 
cheek pouches is indicated here. 
Third column (No. animals) The number of hamsters used 
for each pouch passage is 1 is ted. 
Fourth column (Vase. av. days) In this column are de-
signated the average number of days in which gross 
vascularization of cheek pouch transplants was first 
observed. 
Fifth column (Latent period av. days) The latent period 
is the interval that occurs between j_mplantation of 
tumor tissue into the cheek pouch and the first 
grossly observable increase in implant size. 
Sixth column (Maximum size) In this column are indicated 
the average maximum s i zes at~ained by cheek pouch 
transplants. Since there was a wide variation in 
size, the range is also given. 
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Seventh column (Be g in. re gress av. days) Listed in this 
column are the averag e number of days when re gres-
sion in size wa·s first observable. 
Eighth column (Av. du.r. per pass., days) The averag e 
nuhJber of days for which tumors persisted in a 
given passag e is designated. 
Ninth column (Total duration days) In this column are 
given the total number of days for which each 
particular tumor has existed outside of its normal 
host and in the hamster's .cheek pouch. 
+ At the time of the writing the tumor st i ll p ersisted 
xx This hamster died accidentally. 
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B. Transplantation Into Vario·us Other Sites 
1. Renal adenocarcinoma of the frog (spontaneous B.U.) 
a. Frog renal t1mors were transplanted into anterior 
chambers of the eyes of other frogs (pag e 23 lb). After a 
latent period of five days, the implanted tissue showed a 
sli ght increase in size. Twenty days following implantation, 
the anterior chambers were completely filled with tumor. 
Portions of these tumors were transferred to hamster cheek 
pouches. The growth characteristics of the tumors which sub-
sequently developed in the cheek poucbe s, were identica l to 
those previo usly described for direct transplantati on from 
fro g kidney to hamster cheek pouch (Fig . 12). 
b. Frog renal tumor tissue, transpla nted directly into 
hamster cheek pouches, grew. After ninety-three days, these 
cheek pouch tumors were transferred into anterior chambers 
of the eyes of fro gs (page 24 lc). Following a latent per-
"' iod of five to six days, t h e implant steadily enlarged, and 
the anterior eye chamb ers were filled with tumor by the 
thirtieth day. Fragments of · this material were then trans-
ferred b a ck to hamster cheek pouches, where they readily in-
creased in size and appeared ident1cal with frog renal tumor 
transplen ts made directly into h amster cheek pouches. 
2. Mammary adenocarcinoma of the mouse (spontaneous B.U.) 
Mouse mammary tumor was transplan t ed into a hams ter 
cheek pouch (page 24 2b). The implant became vasc u lar, 
increased in volume, and after thirty days, was excised from-
the pouch. Fragments of this ch eek pouch tumor were trans-
ferred into the an t erior chambers of the eyes of three albino 
mice. After a latent period of four to six days, the implant-
ed tissue enlarged rapidly, and filled the chambers in ap-
proximately fifteen days. A small quantity of the tumor mater-
ial was removed from a few eye chambers, for histological sec-
tioning . The eye tumors that remained undisturbed, became 
necrotic by the twentieth day following implantation (Fig . 14). 
3. Malignant melanoma of the mouse (dba Jackson) 
a. Mouse melanoma was transplanted into a bamster cheek 
pouch and grew. After thirty days, a fragment of this tumor 
was transferred by subcutaneous transplantation into the back 
of a. mouse of the dba sto'Ck (page 25 3b). A palpable swelling 
appeared in fourteen days . Unfortunately, the animal died 
two days later. Autopsy ;revealed a small (sixty-four cubic 
millimeters) rounded, amelanotic tumor, beneath the skin, at 
the site of transplantation. 
b. A second fra gment of the cheek pouch tumor, which re-
sulted from implantation of mouse melanoma, described in part 
a, was transferred into the anterior chamber of the eye of a 
guinea pi g (page 25 3b). After a latent period of five days, 
t h e implanted tissue rapidly enlarged, and filled one-third 
of the chamber, before becoming absorbed in forty-five days. 
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4. Rat fibrosarcoma (benzpyrene induced B.U.) 
A tumor was tran s p lanted into a hamster cheek pouch. 
The implant increase d in volume and a f ter t wenty days was 
transferred to the anterior chamber of the eye of a guinea 
pig (page 25 4b). After a latent period of around thirty 
days, r apid enlargement took place, and after sixty days 
the entire eye chamber was filled with ·tumor (Fig . 13). 
Approximately seventy days after implantation the cornea 
had ruptured, the tumor protrud ed and then became necrotic. 
5. Mous e lymp hosarcoma (methylcholanthrene induced c3H Ya le) 
A tumor was tra n sferred to the anterior chamber of the 
ey e of a guinea pig , following an eighteen day passage through 
a hamster cheek pouch (page 25 5b). Twenty-five days after 
being transplante d into t h e eye, t h e implant inc rea sed in 
size and filled almost half the anterior chamber before be-
coming comp letely absorbed on the fiftieth day. 
6. Guinea pig sarcoma (benzpyrene induced B.U.) 
Guinea pig sarcoma was implanted into a hamster cheek 
pouch. A tumor developed and a f ter sixteen days was trans-
ferred to the anterior chamb er of the eye of another guinea 
pig (page 25 6b). After a latent period of fifteen days, 
the eye transplant inc:r•eased ln volume and completely filled 
the chamber by the fortieth day. Subse quent ly the cornea 
ruptured and the entire area became ne crotic. 
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7. Normal che ek pouch tis sue 
Fragments of hamst er cheek pouch tiss u e were imp lanted 
into the anter ior chambers o f fro g eyes (pag e 26 8b). On 
t h e second day, the eye started to be come milky in the center. 
By the fifth day the entil•e eye was uniformly milky in ap-
pearance. At no time du r i n g the s hort sojourn o f the im-
p lant in the fro g eye wa s there any indica t :ion of growth. 
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FIGURE 3 
EYE 
Schema showing the various exchanges of neoplasms described in the text. 
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Figure 3a. Schema showing the various exchPnges of the interclass tre nsfe rs of frog 
r ena l adenocflrc i noma between the frog and the hemster. See text for details. 
~. Histopathology of Transplanted Tumors 
1. Renal adenocarcinoma of the frog (spontaneous B.U.) 
a. Renal tumor transplants in cheek pouches (Fi g 's 18-21). 
First passage ch eek pouch transplants reveal large, 
characteristic, epithelial cells, po s sessing abnormal mitotic 
figures. The nuclei are extremely pleomorphic. The stroma 
is scanty, and resemble s the loose connective tissue of the 
cheek pouch. Macrophages and mast cells are quite apparent. 
Small lymphoid-like cells are dispersed quite freely among 
the epith elial cells. There is no indication of glandular 
differentiation, and all cells are scattered throughout the 
transplantation area, with very little clumping . Thin-
walled blood ves s els are very much in evidence. Subsequent 
passages into cheek pouches, exhibit no further visible 
cellular chang es. 
b. Renal tumor t r a ns p lants in various sites 
Frog renal tumor tissue, after p assag e in a hamster 
c h eek pouch, wa s then t Pansferred to t h e anterior chambers 
of the eyes of frogs.. The histological picture of the im-
plant in the frog eye (Fi g . 22 ), is similar to that pre-
viously observed in the cheek pouch, t h e only exception being 
that the stroma between the larg e ep ithelial cells is much 
more compact. 
The tumor which developed in t h e fro g eye was then tra ns-
~rred back to hamster cheek pouches. After thirty days, 
histological sections of the s ubsequent cheek pouch tumors 
were made (Fig's. 23, 24). These sections show that once 
a gain, tre large characteristic, epithelial cells are present. 
The cells are extremely anaplastic, and the nuclei are more 
basophilic and pleomorphic than in the epithelial cells of 
the original tumor. The lymphoid-like cells which are found 
in cheek pouches in which frog renal tumor have be en directly 
transplanted, are very abundant. The stroma resembles the 
connective tissue of the normal cheek pouch, except that it 
is more compressed. The vascularity is much more extensive 
than in any of the cheek pouch tumors described previously. 
Few mitotic figures are present, and these appear to be 
pathological. 
2. Mammary adenocarcinoma of the mou se (spontaneous B. u. ) 
a. Metastases within the donor animal 
Autopsy of mice from Which donor material was removed 
for transplantation, revealed sever a 1 small nodu les, spread 
over the entire surface of the lungs. Histological sections 
(Fi g 's.27-31) show that these nodules are composed of tissue 
which bears a close resemblance to the primary tumor. Ex-
tremely aborted gland-like formations are present. The cu-
boidal epithelial cells are more basophilic, and the nuclei 
are slightly more pleomorphic than in the original tumor. 
The cells are closely packed, and the stroma is practically 
insignificant. Mitotic fi gures occur frequently. Similar 
nodules were found on the liver and kidney . 
b. Hammary tumor transplants in cheek pouches 
After a sing le cheek pouch passage, the tumor which re-
sulted shows his to logically that the characteristic, cuboidal 
e p ithelial cells ha ve made a feeble attempt at g landular dif-
ferentiation, although for the most part the cells are scat-
tered throughout the area of transplantation (Fig's. 32, 33). 
The stroma app ears to be composed mainly of elongated con-
nective tissue cells, wh ich are normally found in the cheek 
pouch. These cells are dispersed rather freely among the 
epithelial cells. A few abnormal mitotic fi gures can be seen. 
The tumor is highly vascu larized, displa ying many thin-walled 
blood ve s sels. Mast cells and macrophages are frequently ob-
served, scattered among the stromal cells, and small lymphoid-
like cells are noted inv a d ing the area of the t u mor. 
Subsequent cheek pou ch passag es show very little dif-
ferance from the histopatholog ical picture described for first 
passa g e transplants. Later passages do, however, exhibit 
greater lack of g landular different i ation, and increased ana-
plasia. 
c. Cheek pouch tumor transfers in eye chambers of mice 
After mouse mammary adenocarcinoma had been transplanted 
into cheek pou ches, the tumors which ultimately de veloped 
were transferred after thirty days into anterior chambers of 
the eyes of albino mice (page 24 2b). The eye implants 
increased in size, and histological sections (Fig. 34) show 
that these growths are composed of cells which resemble the 
cuboidal epithelial cells of the mammary tumor, although they 
are much larger than the original cells and possess nuclei 
that are extremely pleomorphic. The stroma is almost iden-
tical to the loose connective tiss ue of the hamster cheek 
pouch. Many necrotic foci are apparent. 
3. Malignant melanoma of the mouse (dba Jackson) 
a. Mouse melanoma transplants in cheek pouches 
The basic architecture of a first pass a g e cheek pouch 
tumor closely res embles the original melanoma (Fig. 36). 
The large, oval cells and smaller spindle cells a.re predom-
inant. These tumor cells continue to be extremely pleo-
morphic and many have highly vacuolated nuclei. Non-pig-
mented cells greatly outnumber the pigmented. The cells are 
no longer closely compacted, but are freely scattered through-
out t h e area of t ransp l an ta tion. The stroma is similar to 
the loose connective tissue of the hamster cheek pouch. Blood 
vessels are numerous. Abnormal mitotic fi gures occur frequently. 
In later cheek pouch passages, the histopathology of re-
sulting tumors, is only slightly altered (Fig. 37). Pigmented 
cells are almost completely lacking , and the t umor cells show 
a marked increase in infiltration. 
b. Subcutaneous transfer from cheek pouch to mouse 
Mouse melanoma was transplanted into a hamster cheek 
pouch. A tumor ultimately developed, and after thirty days 
it was transferred by subcu taneous transplantation into the 
back of a mouse of the dba stock (page 25 3b). The tissue, 
implanted in the mouse, increased in volume and was excised 
after fourteen days. Histolog ical sections (Fig. 38) show 
t h at this tumor is similar to those which developed in cheek 
pouch es following transp lantation directly from mouse to 
hamster. Pi gmented cells have completely disappeared. The 
characterlstic pleomorphic cei ls are nume r ous and well scat-
tered. The entire tumor a ppears extremely cystic and many 
necrotic foci are evident. 
4. Rat fibrosarcoma (benzpyrene induced B.u.) 
a. Metastases wi th i n the don or animal 
l. Lung metastasis 
A rat in which a fibrosa r coma was induced with benz-
pyrene (pa g e 19) displayed at autopsy numerous small, white 
nodules scattered over the surface of the lung s. Histolo-
g ical sections show these nodules to b e comp osed of closely 
packed, small round cells (Fig's. 40, 41). The nuclei are 
mod erately pleomorphic, possessing one large and several small 
nucleoli which are centrally located. A comparatively few 
large round cells are lightly dispersed among the smaller 
o:1e s. The nuclei of the larger cell s are pleomorphic, are 
more basophilic than in the smaller ce lls, and als o pos s es s 
one l a r ge and several small nucleoli centrally located. The 
occurrence of spindle cells is rare. Mononucleated and multL-
nucleated cells are apparent in both the large and small round 
cells. The stroma surrounding the cells is acidophilic, scanty 
and difficult to identify. Mitotic fig ures are present in 
both cell types. Many small blood vessels were observed at 
various foci in these nodules. 
2. Lymph gland metastasis 
The inquinal lymph gland on the same side as the induced 
tumor in this rat showed marked increase in volume. At the 
time of the animal's death, a tumor measuring sixty-four cubic 
centimeters was excised. Histological sections show that the 
lymphoid tissue has peen entirely replaced by neoplastic tissue. 
This lymph gland tumor is composed predominantly of large cells 
which vary in sb ape from rounded to long spindle cells (Fig. 
42). Mononucleated and multinucleated cells were noted. The 
nuclei are hypochromatic and extremely pleomorphic. Nucleoli 
display extreme variations in number, size and position. The 
cytoplasm is pale and acidophilic. Small round cells with 
darkly stained nuclei are lightly dispersed among the larger 
cells. The intercellular stroma consists of interlacing 
bands of connective tissue fibers with inconspicuous connect-
ive tissue cells. A few thin-walled blood vessels are apparent. 
Abnormal mitotic figures are numerous. 
b. Rat tumor transplants in cheek pouches 
First passage rat fibrosarcoma transplants in hamster 
cheek pou ches show, histologically, an abundance of small, 
round cells. The nuclei of t he se cells are compact, exceed-
ingly basophilic, and pleomorphic (Fig. 43}. Large, round 
cells are lightly dispersed among the smaller ones. The larg e 
cells also possess nuclei that are pleomorphic. Some of these 
nuclei are compact, while others are reticular. One larg e 
and several small nucleoli are centrally located within the 
nucleus of the large, round cells. Mitotic fi gu res are nu-
merous in all cell types. The intercellular stroma consists 
of pale, loosely arrange d bands of connective tissue fibers. 
The c haracteristic elongated, chee.k pouch connective tissue 
cells are very much in evidence (Fig. 44). Re latively few 
macrophages and mast c ells are apparent. Thin-walled blood 
vessels are visible at the periphery of the implanted tumor. 
Many necrotic foci are scattered throughout the entire trans-
plant area. Subsequent passages in cheek pouches show little 
alteration in the histopathological picture. The only ob-
.servable change is that a closer packing of the cheek pouch 
connective tissue fibers occurs, with each s u ccessive pass-
age. 
5. Mouse lymphosarcoma (methylcholanthrene induced c3H Yale) 
a. Transplants in cheek pouches 
Histolog ical sect ions of first passage transplants in 
the cheek pouch show large masses of small, round cells, 
resembling mature lymphocytes (Fig. 46}. The cells possess 
nuclei which are pleomorphic and compact. Th e cytoplasm is 
pale and inconspicuous. Large, lyrnphoblastoid cells are 
lightly d i spersed among the smaller cells. · The large cells 
display reticu lar nuclei which show variations in size and 
shape. The stroma is similar to the loose connective tis sue 
fibers of the normal cheek pouch, disp laying few elongated 
connective tissue cells. Spaces appear between the tumor 
cells and the stroma. Blood vessels are numerous, whereas 
t he donor tumor revealed very little vascularity. Few macro-
phages and mast cells are apparent. No visible changes in 
histology occur with subsequent cheek pou ch passages. 
6. Guinea pig sarcoma (benzpyrene induced B.U.) 
a. Transplants in cheek pouches 
A first passage cheek pouch transplant, of this 
hitherto undescribed guinea pig t umor presents a histolo~ 
gical picture which closely res embles that of the mouse lyrnpho-
sar coma. Numerous, small, round cells with compact, pleo-
morphic nuclei are observed. These cells appear similar to 
mature lymphocytes (Fig. 47). Scat tered among the small cells 
are larg e cells wl th reticular nuclei. The cytoplasm of both 
cell types is inconspicuous. The int ercellular stroma con-
sists of loose bands of pale, acidophilic, connective tissue 
fibers. Elongated cells, normally found in cheek pouch con-
nective tissue, are present. Many necrotic foci are evident 
in the central portion of the tumor. However, t h e peripheral 
p ortion is highly vas9ularized, and shows little necrosis. 
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The histological picture is not altered with further cheek 
pouch passages. 
7. Mouse sarcoma 180 (Columbia via Jackson) 
a. Transplants in cheek pouches 
First passage transplants into hamster cheek pouches 
show, histologically, many more giant cells than were ob-
served in the original t umor (Fig. 48). The nuclei of the 
giant cells vary from compact to reticular and are extremely 
pleomorphic (Fig. 49). Tbe chromatic material in many of the 
cells is distributed in small amounts at the center and around 
the peripher a l portion of the nucleus. All stages of mitosis 
are apparent. A few large spindle cells are scattered among 
the giant cells. The small cells with compact nuclei, which 
were very prominent in the ori g inal tumor, are much more scarce 
in t h e cheek pouch tr ansplant. The intercellular stroma in 
the center of the t umor is faint and inconspicuous. However, 
the stroma at t h e periphery appears to be that of the norma 1 
cheek pouch. A few macrophage s and small cells resembling 
mature lymphocytes are evident. Thin-walled blood vessels 
are numerous at the periphery of the tumor, but are completely 
lacking at the center, where there are many necrotic foci. 
The necrotic areas reveal cells in a state of pyknosis. Sub-
sequent cheek pouch passages show no f u rther chang es in the 
hi stopa thologi cal pictu re. 
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~ D I S C U S S I 0 N 8 
In a discussion of transplantat ion of tumor tissue into 
alien species one must regard, in addition to the growth 
characteristics, a multitude of influencing f actors detected 
both within the t umor itself and in the host environment. 
Moreover, careful consideration must be g iven to the pos• 
sibility of the - existence of many controlling a gents which 
as yet remain undiscovered. 
Choice of donor material One of the pit f alls encountered 
in both homospecific and heterospecific tumor transplanta-
tion is t h e use of improperly selected donor material. Ex-
treme care must be taken in selecting a portion of tumor to 
be used for tran splanta t ion. Favorite and Cheever (1941} 
ascertained that in addi t:l on to the t umor cells one must 
consider the structure of the or gan and t h e connective tissue 
framework. These authors stated that should t h e tumor be 
ch aracterized by extensive necrosis, one mu st choose a por-
tion which appears in a relatively good state of viability. 
An area whic h contains many heal thy tumor cells possesses 
a variable amount of connective tissue stroma in addition 
to segments of normal tissue. 
It was note d that in selecting donor material for tra ns-
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plantation into hamster ch eek pouches, it is necessary to 
choose tumor tissue that is in a good state of viability. 
It was f urther observed t h at necrotic tis sue, either homo-
specific or he terospecific, will not g row in cheek pouches. 
However, a tumor or a porti on of a tumor which grossly ap-
pears firm, vascular, and free of nec r osis can be s u ccess-
fully maintained. 
"The species barrier" After carefully selected heterospecific 
tumor is implanted into a physiolog ical site, a violent re-
action occu rs which involves phagocytes and antibodies. This 
reaction, evo ked in the host, may be a defensive mechan ism. 
The response may be related to the so called species barrier. 
Many investig ators have encountered this species barrier in 
tra nsplanting eith er malignant or non-malignant heterospecific 
tissue. Loeb (1926) stated that in heterotransplantation of 
normal tissue, owing to t h e action of hetero-toxins, a very 
marked connective tissue reaction is produced around the trans-
plant, often accompanied by pronounced lymphocytic infiltra-
tion. At the same time the fibrous tissue and the lymphocytes 
t a ke t h e place of various injured or dead parts of the trans-
plant, but the marke d invasion of the tra nsplant by lympho-
cytes more or less independent of fibrous tissue formation, 
which is often observed in auto- and homotransplantation, 
is lacking in heterotransplantation. Loeb also maintained 
that reciprocal transplants in many cases g ive rise to 
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entirely different reactions. This is due to the fact that 
it is the host which determines the character of the reac-
tion, and that the host responds only to definite kinds of 
dissimilarities between its constitution and that of the 
transplant. Loeb assumed that these same mechanisms are 
also involved in heterotransplantation of malignant tissue. 
Loeb ( 1930) further dis cussed het erotransplanta ti on 
of n0rmal tis sue (mouse into rat). He said that in t h e 
case of tissues which are not very resistant; like thyroid, 
kidney, bone marrow, and even skin, the direct injury to 
the transplants, inflicted evidently through the body fluids 
of the host, is so great that they show marked degenerative 
changes before the connective tissue and lymphocytic reac-
tion has ba d a chance to develop fully. There may still be 
some slight mitotic activity in living cells during the 
brief period of survival, but it is diminished as compared 
with the mitotic activity of homotransplants. Loeb noted 
that around and in the heterotransp lanted tissue not only 
lymphocytes but also polymorphonu clear leucocytes may collect, 
although usually only in small numbers. In auto- and homo-
transplants these l a tter cells are absent, except in the 
first few days following transplantation when accidental 
injurious processes connected with the operation may attract 
them. 
Loeb (1937) ascertained that in heterotransplantation 
if a certain threshold for nstrangeneBs" has been reached, 
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the host reaction is maximal. It cannot be much increased 
even though tissues from individuals belong ing to still 
furth er removed c l a sses are used. Whether or not the lym-
phoid cells are the imp ortant factors in the failure of 
heterospecific tumor transplants into p hysiological sites 
remains to be seen. Murph y (1914) reported that lymphoid 
cells are often pre sent in large numbers around g rafts of 
transp lanted cancer into animals of the s am e species. The 
work of Opolant (1913) added wei ght to this i dea. He has 
shown that in splenectomi zed rats and mice homos p eciflc trans-
planted tumor s grew more rapidly than those t r ansp lanted into 
untreated animals. 
Lumsden ( 1927) demonstrated two essential facts: 
(1) Mouse tumor cells growin g in a rat evoke specific anti-
bodies in their host, and (2) these tumor cells tend to 
acquire some protection, namely, some means of resisting the 
lethal effects of such antibodies. The evidence for the first 
conclusion was demon strated by getting rid of the second ele-
ment. When mouse tumor cells that were grown in a mouse were 
treated in vitro with normal rat serum, they were killed with-
in five minutes. When mouse tumor cells that were g rown in 
a rat, however, were treated in vitro with nonnal rat .serum, 
they remained unaffected. 
Arima (1932) showed t.he.t on the third day following 
implantation of rabbit sarcoma into mice, there was a 
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cellular reaction around the cancerous tissues with the 
appearance of eosinophile leucocytes. At the sixth day the 
leucocytes appeared in the tumors. All tumors ultimately re-
gressed, and the author believed that the activity of the 
eosinophile leukocytes has something to do with the failure 
of heterospecific tumor transplantation. 
Favorite and Cheever (1941) observed that twenty-four 
hours after Brown-Pearce carcinoma was implanted into roller 
tube tissue cultures, a narrow zone of mononuclear cells 
appeared. Occasionally, the cells were small enough to be 
considered lymphocytes, but as a rule monocytes and macro-
phages made up the predominant cell type. These cells were 
later replaced by tumor cells. Although the tissue culture 
is not a completely physiological medium, it does reveal that 
a reaction is produced in response to the presence of tumor 
tissue. 
There bas been much discussion over the question as 
to why transplantation of tmnors into alien species, which 
has long been considered an impossibllity, has been so 
successful in sites such as the chick embryo and the anterior 
chambers of the eyes of many animals. Murphy (1912) pointed 
out that the avian embryo has no defensive mechanism against 
the growth of a foreign species. He has shown that tumor tissue 
of a rat, by transfere?ce from embryo to embryo, could be kept 
growing in the chick for an indefinite period. Murphy (1913) 
later showed that after a sojourn in the chick embryo, the 
tumor could be replanted successfully into the rat, but could 
not be grafted into the adult chicken. Murphy summarized the 
histological picture of a rat tumor transplanted into an adult 
chicken. He stated that first an edema and cellular reaction 
to the operational trauma occurs; then, there is an increase 
in fibroblasts in the surrounding host tissue; and then a 
budding of the blood vessels, followed by an infiltration of 
the surrounding tissues with small mononuclear cells and a 
few polymorphonuclear leucocytes. The cells of the graft die 
quickly and in the meantime the connective tissue becowes 
abundant. Finally the mononuclear cells disappear and the 
process subsides, forming a scar. Murphy (1914) presented 
evidence to show that a defensive mechanism readily develops 
in the chick embryo at the time of hatching , q u ickly destroy-
ing any foreign tissue that might be present. 
Many investigators have attempted transplantation of 
heterospecific tumors into the anterior chambers of eyes. 
Hegner (1913) and Keysser (1913) in separate pu blications, 
presented evidence of successful transplantation of human 
sarcomas into the anterior chambers of the eyes of rats. 
Morris, McDonald and Mann (1950) have stated that Hegner and 
Keysser were the first to report success~; l intra-ocular 
heterospecific tumor transplantation. Smirnova (1937) de-
scribed successful heterotransplantation of Ehrlich's mouse 
sarcoma and human carcinoma of the breast into anterior 
chambers of the eyes of white rats, guinea pigs, and rabbits. 
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These reports of the use of the anterior chamber as a success-
ful transplantation site for heterospecific tumors, stimulated 
a great deal of research. A brief resume of the more signi-
ficant inv estigations was presented in the introduction to 
this dissertation. 
Saphir et al. (1941) endeavored to explain the success 
of intra-ocular heterospecific tumor transplantation. They 
suggested that perhaps a barrier exists between the blood 
and aqueous humor which prevents the passage of antibodies 
from the former to the latter. This assumption is partially 
supported by t h e work of Becht and Greer (1910) and Hektoen 
and Carlson (1910) who studied the concentration of anti-
bodies in various body fluids of animals immunized to certain 
bacteria and to alien blood. The authors found that the titre 
of these immune bodies was highest in the serum and that they 
we r e present in very low concentration or were absent from the 
aqueous fluid of the anterior chamber of the eye. Davson and 
Quilliam (1940) as a result of experimentation, have assumed 
that the aqueous humor is a filtrate from the blood plasma. 
Molecu les the size of serum albumen or larg er are retained, 
while crystalolds are distribu ted between th~ two f'luids. 
These authors referred to a barrier between the blood and the 
aqueous humor. They considered this barrier capable of pre-
venting the passage of antibodies from the blood plasma to 
the aqueous fluid, thus allowing tumor transplants to grow 
in this fluid when all other tissues are resistant to their 
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growth. Saphir et al. (1941) added that while it is possible 
that sufficient antibodies are present to retard the growth 
of tumor transplants in the anterior chambers of eyes, they 
are apparently not present in sufficient concentration to 
suppress completely the growth of these transplants as occur s 
in other tissues of the body. However, these authors could 
not explain ultimate regression of tumors in the anterior 
chambers of eyes. · 
Greene (1942) transplanted rabbit mali gn ant tumors into 
the anterior chamb ers of the eyes of other rabbits. He found 
that following tumor growth in the anterior chamber, both the 
testicle and the anterior chamber of the opposite side were 
resista nt to reinoculation. Greene concluded tha t the aqueous 
humor is not an independent fluid but, on the other hand, 
participates in general bod y reactions, at least as far as 
tumor resistance is concerned. Other investigators have not 
been able to confirm Greene's results or conclusions, and 
Greene himself, in later experiments, modified these conclu-
s ions. 
Greene (1946, 1947} transpl a nted mouse tumors into the 
anterior chambers of the eyes of guinea pigs and mice. He 
made a histolog ical study of anterior chamber grafts, which 
were removed at short intervals a fter transfer. This study 
revealed that the trans p lanted alien stroma dies and disinte-
grates before becoming vasculari z ed by the iris vessels of 
the new host. In the meantime, the parenchyma (tumor cells) 
proliferates, imbibing nourishment from the surrounding 
fluid in the rnam1er of a tissue culture. Greene deduced 
that as a consequence, the subsequent inflammatory response 
is much less intense than that following irnmed iat ely after 
the introduction of foreign tissue into the subcutaneous 
tissues, and results in vascularization rather than in de-
s~ruction of the parenchyma. 
Greene (1946) tried to explain the success of repeated 
tra nsfer of he ter ospe cific tumors according to the s trorna-
parenchyrna relationship. He stated that the parenchyma of 
a transplanted tumor persists after transfer and that it 
is not a product of the new host. Unlike the stroma, it 
represents a continuous proliferation of the original can-
cer cell. Greene stated that the t ransplantabil ity of the 
cancer cell should be no different from that of the parent 
cell. On the other hand, the stroma of a transplanted tumor 
is a product of the new host and is replaced at each transfer. 
Tre.nsplant s of the same tumor may be identical in parenchyma 
but differ in stroma. Greene suggested that the trans-
plantability of the growths may vary because of their stromal 
composition rather than as a result of parenchymal modifi-
cation. The connective tissue of different animals, com-
prising the stroma of their tumors, may differ in the ability 
to induce foreign body reactions when introduced into other 
strains. In such a case the fate of the parenchyma would 
be deter>mined to a large extent by the intensity of the 
60 
t>J. 
inflammatory reaction which follows, and survival and growth 
or death and destruction wculd depend on the relative com-
patibility of t h e connective tis s ue of the donor and recipient. 
Lushbaugh and Steiner (1949) stated that intra-ocular 
heterotran sp lantati on is not suf fi ci ently well developed for 
use as a routine lab oratory procedure. They demonstrated 
that intra-ocular transplantation of huma n and canine malig -
nant lymphomas wereunsucce ssful in guine a pig s, rabbits, 
dog s an d mice. Lushbaug h and Steiner suggested that failure 
was due to the short 1 ife span of the cells and their high 
susceptibility to adverse conditions. 
In transplantation of ej_ther malignant or non-malignant 
tissues into hamster cheek pouches, one encounters all of 
the defensive mechanisms which are produced in other physic-
log ic al sites. Norma l adult tissues, when transplanted into 
cheek pouches, are unable to contend with the severe inflam-
rna tory reactions produced by the host. They show no signs 
of g rowth, and in a short time are destroyed and comp letely 
absorbed. Lutz et al. (1951) have shown that in the trans-
plantation of homolo gous malignant tumors into hamster ch eek 
pouches, the defensive mechanisms are overcome within a few 
days, and vascu larization and rapid growth ensue. 
When a heterospeciflc malignant tumor is transplanted 
into a cheek pouch, a violent inflammatory reaction occurs 
which is similar in intensity to that. which follows trans-
pl an tat ion of normal adult tis sue. Histolog ica l slides of 
tran s p lants removed a sh ort . time after imp lantation re veal 
numero u s l ymphocytes, fibr obla sts, ma crophages and ma st cells 
scattered among the tumor cells. The intercellular stroma is 
inconsp ic uous and appears to be not h ing more than debris. How-
ever, the tumor cells are not immediately destroyed. They 
rapidly proliferate, and as the tumor becomes vascularized by 
the host, an increase in volume occu rs. Mouse sarcoma 180 
cheek p ouch tran splants continued to increase in volume until 
eventual ulcera t ion and n e crosis took place. A sing le rat 
fibrosarcoma tra ns p lant grew in a s i milar manner. However, 
all other tumor tra nsplan t s increased in si ze, per s isted from 
twenty-fiv e to ninety-six days, and ultimat ely re gressed. 
Repeated passag e of heterospecific t u mors from one 
cheek pouch to another revealed an increase in volume and 
duration of tumor persisten ce. It appears that by subplanta-
tion the tumors can be maint ained for an ind efinite period 
(actu ally some, as the fro g sponta neous adenocarcinoma B.U., 
have survived two hundred days and are still g oing at the 
time of this writing). All first passag e transplants dis-
played the typical inflamma tory reaction. After each suc-
ceeding passag e the reaction became less severe. It seems 
probable tha t if a tumor is continually subplante d into ham-
ster cheek pouches over a considerab le period of time, the 
inflamn:atory reaction should be of . no greater intensity t han 
that produced when homolog ous tumors are transp l anted into 
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cheek pouches. 
The explanation as to why heterospecific malignant 
tumors survive in hamster cheek pouches, at least temporarily, 
may lie in Greene's stroma-parenchyma theory. Most of the 
stroma of t h e tumor may be destroyed by the inflammatory re-
action shortly after tumor transplantation. The t umor cells 
(parenchyma), on the other hand, are not immediately destroyed. 
They continue to proliferate and imbibe nourishment from the 
blood vessels of the host. Should the tumor cells be suf-
ficiently a utonomous, they will survive. The stroma, mean-
while, may be partially replaced by hamster stroma. The 
tumor then enlarg es until the cheek pouch is filled, and ul-
ceration and necrosis take place. However, if the tumor cells 
are highly susceptible to adverse cond itions, many will die 
and b ecome absorbed. The tumor then be gins to re gress. At 
the first visible indication of re gression, while viable tumor 
cells are still present, the t umor is subplanted into another 
hamster cheek pouch. Along with the tumor cells, connective 
tissu e stroma is subplanted . The stroma, at this point, more 
closely resembles the connective tissue of the cheek pouch than 
the s trorna of the ori g inal tumor. · Conseq uently, the ensu ing 
inflammntory reaction is decreased beca.use the connective 
tissue stroma of the tumor and recipient are more compatible 
t h an at first passage. The tumor cells a gain receive nourish-
ment from the blood vessels of the host, and continue to pro-
liferate. Res ults of repe ated cheek pouch passag es have 
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indicated that this process may continue until eventual 
autonomy of tumor cells is reached. 
Growth characteristics of transplanted tumors Morris, McDon-
ald and Mann (1950} presented what they considered to be the 
three criteria for successful transplantation of tissue, as 
follows: a. The transplant is vascularized by the blood 
vessels of the host. b. Definite growth of the transplant 
occurs within a reasonable period after tra.nsplantat ion. c. 
There is morphological and cytological similarity between the 
transplant and the original donor tissue. Eichwald, Evans and 
Browning (1950} in discussing the anterior chamber of the eye 
as a site for tumor transplantation, stated that grafts were 
considered as growing when there was mitotic activity of 
tumor cells, or vascularization of viable tumor tissue. 
In a physiological site, such as the hamster cheek 
pouch, vascularization of the tumor transplant by the blood 
vessels of the host preceded any appreciable increase in vol-
ume. As soon as the inflarrrrnatory reaction had subsided, it 
was readily noted in all cases that the tran splant was well 
supplied with afferent and efferent blood vessels. These 
blood vessels appeared to be very small branches of the cheek 
pouch vessels normally found at the site of transplantation. 
However, the actual formation of these tumor blood vessels was 
masked from gross observation by the intensity of the inflam-
matory react ion. 
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Coman and Sheldon (1946) have a t tempt ed to exp lain the 
initial steps of vasculari zation of t r ans pl a nted tumor s. They 
have shown that marked local hyperemia occurs in the flanks 
of mice in which homologous malignant tumors were imp lanted. 
This hyp eremi a pre c e des t h e g rowth of ne w vess els into the 
tumor, or the enve lopment of ves sels by growth of the tumor. 
The a u t hors sugg est that a reciproc al rela tionship is es t ab-
lish ed between the tumor and the local vascular system of 
the host. They believe that as the tumor cells proliferate, 
hype r emia is excited, increasing flow of blood to the part. 
They further believe that hyperemia is the f irst appa r e nt 
step in t h e proces s whereby t h e h ost's ve s sels and the 
growing tumor beco me intima t ely as soci a t e d. 
Gross ~ s culari zation of hete r os p ecific tumor trans-
p l ants in h amster cheek p ou ches too k p l a ce in from three to 
f ive days after tran s p lanta t i on. Repeated cheek pouch p ass-
a g es d id not alter the period of v as cular i zation. Histo-
log ica l studies revea l th a t all tumors r~ve their grea t est 
vascula r supply at the periphery. However, t he central por-
tions appear to be slightly va s cular even wh en necrosis takes 
p l a ce. Lewis (1927) stated that necrosis may be due to con-
tinued multiplica t ion of t u mor cells exerting undue pres s ure 
on the c ap il l aries, or perhaps preventing in · some way the 
further penet r ation of the cap illaries into t h e area s pro-
duced by s u ch multi p lication. Lewis further stated that 
necrosis may be due to entirely different factors such as 
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long continued action of viruses or of toxins on either tumor 
cells or the capillar:ies. 
A few days after che ek pou ch t u mor transplants become 
vascu lari zed, an increase in volume is noted. The gross a p -
pearance of ensuing tumors resembles the tumors in hamster 
cheek pouches resulting from homolog ous trans p l antation, as 
described by Lutz et al. (1951). Because they can grow freely 
in the cheek pouch, without physical ob struction, most of the 
tumors take the form of a sphere or prolate spheroid. In 
the later sta ges, when ulceration takes place, the typical 
picture of advanced cancer is seen. 
When the epithelial layer of the cheek pouch is excised 
from above the tra nsp lant so that the tra nsp l a nt is exposed, 
the gross morph ology can be studied more closely. The struc-
tural characteristics of transplanted heter ospecific sarcomas 
appear to be very similar to those of donor homologous sar-
comas. The tumors are imbedded in the cheek pouch connective 
tissue where they receive nourish ment from capillaries branch-
ing from the larg er arterioles. Carc i noma transplants as 
distinct from sarcoma transplants are more closely adherent 
to the epithelial l a yer o f the cheek pouch, and merely infil-
trate the connective tis s ue layers. The capillaries invading 
these tumors of e p ith elial ori gin arise from ver y small ar-
terioles. However, all blood ves s els increase in size pro p or-
tionately to the increase in tumor volume. First passage 
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carcinoma transplants are morphologically not unlike the 
donor tumors. 
Subplantation of sa r coma transplants showed no alteration 
in the gross morphological growth picture presented by first 
pas s a ge transplants. Such constancy does not necessarily 
hold for carcinoma subplantation, however; for, although the 
renal adenocarcinoma of the fro g and the mammary adenocar-
cinoma of the mouse displayed no changes in subsequent pass-
a ges, the malignant melanoma of the mouse did. The ori g inal 
mouse melanoma was a heavily pigmented, black tumor. First 
passag e cheek pouch transplants were identical to the donor 
tissue, but all subsequent passages revealed a melanotic tu-
mors (Fig 's. 35, _36, 37). This p henomenon was described above 
when histological sections were studied. 
Histolog ical sections of transplanted cheek pouch tumors 
showed that the tumor cells of sarcomas, in most instances, 
closely resemble the donor cells. The ori g inal rat fibro-
sarcomas (benzpyrene induced B.U.) were characterized by 
spindle shaped cells. However, metastases in the lung and 
l-ymph g land of the same animal showed few spindle shaped cells 
and numerous round cells. Cheek pouch transplants of this 
rat fibrosarcoma were also characterized by many round cells 
and fewer spindle shaped cells. These results indicate that 
cheek pouch transplants may be similar to metastases. Trans-
plants of lymphosarcoma of the mouse (rnethylcholanthrene in-
duced c3H Yale) and mouse sarcoma 180 (Columbia via Jackson) 
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into cheek pouches showed ve~ little change in the appear-
ance of tumor cells from the orig inal tumor. The intercellular 
stroma of cheek pouch transplants, as was previously explained, 
takes the form of the hamster cheek pouch connective tissue. 
Histological sections of transplanted carcinomas showed 
little alteration in tumor cell structure, but marked vari-
ation in histological differentiation. The orig inal spontan-
eous renal adenocarcinoma of the frog (Fig . 16) possessed 
many tubular formations similar to those of the normal kid-
ney, although many were aborted. Cheek pouch transplants 
were composed of tumor cells which resembled the original 
adenocarcinoma cells. These cells, however, were freely 
scattered throughout the transplantation site and showed no 
tubular differentiation (Fig. 18). Original mammary adeno-
carcinoma of the mouse also showed glandular differ entiation 
(Fig. 25). Metastases in the lung, liver, and kidney of the 
same mouse were composed of cells which had the same mor-
phological appearance as those of the ori g inal tumor, but 
entirely lacked glandular differentiation (Fig's. 27, 29, 31). 
Cheek pouch transplants of' this mammary a d enocarcinoma possessed 
tumor cells which more closely resembled the cells of' the 
metastases in the mouse than those of the original carcinoma 
(Fig . 32). The lack of g landular differentiation in cheek 
pouch transplants confirms Greene (1946). He stated that in 
the transfer of extremely anaplastic tumors into heterologous 
hosts, the histology of their g rowth differed f r om that seen 
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in the original tissue. The malig nant melanoma of the mouse 
dis p layed larg e oval and smaller spindle shaped cells. Many 
of these cells were pigmented (Fig . 35). First passage trans-
plants were composed of tumor cells which were identical to 
those of the ori ginal mela noma. Subsequent passages displayed 
similar cei ls. These cells, however, were almost completely 
unp igmented (Fi g 's. 36, 3?). Apparently, the tumor cells in 
their struggle for existence in the new environment are no 
longer capable of producing the characteristic melanin pig -
ment. 
The presence of mitot i c fi gures in most of the tumor 
transplants indicated active proliferation. However, the 
fact that these transplants were sti 11 malignant had yet to 
be confirmed. Heteros p ecif ic tumors persisted in cheek 
p ouches much long er than did normal ad ult hamster tissue. 
The normal ti s sue did not become vascular or show any increase 
in volume. More indication of malignancy was obtained by the 
finding s of Greene (1944), who p ointed out that failure of 
attempts to transplant morpholog ically benign tumors to 
anterior chambers of t h e eyes of animals of alien species 
suggested that heterotransplant~bility might be a character-
istic ~roperty of cancer. Greene (1948) stated that if a 
specimen of s uspected tissue can be successfully transplanted 
to the eye of a gu inea pi g , it is either embryonic tis sue or 
c ancer. Greene (194?) had also shown this to be true when 
using the anterior chamber of the mouse eye as a transplanta-
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£ion site. Schlumber ger and Lucke (1939, 1940) stated that 
only malignant tumors would grow in the anterior chamber of 
the frog eye. In accordance with these findings, tumors 
which had been grown in hamster cheek pouches were transferred 
to the anterior chaniJers of the eyes of guinea pigs, mice and 
frogs. All of the transfers proved successful (Fig 's. 12, 13, 
14). Therefore, the malignancy of the heterospecific cheek 
pouch tumor transplants was demonstrated. It was further 
shown that .frog renal adenocarcinoma cheek pouch transplants, 
which had been transferred to the anterior chambers of the 
eyes of frogs, could be successfully retra nsferred to hamster 
cheek pouches (Fig 1s. 21, 22 , 23). These results could not 
be attained when non-malig nant tis sue was transplanted. 
By comparing the growth characteristics of the various 
transplanted tumors, certain striking similarities and minor 
differences can be noted (Table 1). All of the tumors, re gard-
less of their diverse ori gins, appear to possess some similar 
developmental characteristics. For example, the inflammatory 
reaction, the period when vascularization was first observed 
and the latent period were p rH.ctic a lly alike for all of the 
tumors. The size of the tumors and the duration of persis-
tence in cheek pouches seem to depend on the rate of cel-
lular proliferation. A very actively growing tumor such as 
the mouse sarcoma 180 attained enormous size, but became ne-
crotic very rapidly. On the other hand, the renal adeno-
carcinoma of the frog grew very slowly but persisted over 
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~long period of time. Sarcomas seem to thrive better in 
cheek pouches than do carcinomas p robably because the well 
vascularized connective tissue of the cheek pouch is a much 
more suitable medium for the sarcoma which is of mesenchymal 
ori gin, than the carcinoma which is of epithelial ori gin. 
The time of tumor re gression did not appear to follow any 
uniform pattern. 
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C 0 N C L U S I 0 N S -
Heterospecific tQmors were transp lanted into the tra ns-
p arent, hi ghly vascular cheek p ouch membrane of the golden 
hamster. The tumors used for making the heterospecific trans-
plants either were chemiQal l y induced or h ave occurred spon-
t a neously at the laboratory at Boston University. In addition, 
a few tumors were obta ined from the Roscoe B. J a ckson Memorial 
Laborat ory. The chemic ally induced tumors produ ced at Boston 
University include benzpyre ne ind uced rat fi b rosarcomas and 
a benzpyre ne induced g uinea pig sarcoma. The s p ontaneous 
tumors which were found at Boston Univer sity include fro g 
renal adenocarcinomas and mouse mammary adenocarcinomas~ Three 
well-established tumors obta ined from the Ros coe B. Jackson 
Memorial Lab or at ory were a mouse lymphosarcoma (rnethylcholan-
threne induced c3H Yale), a mouse malignant melanoma (dba 
Jack son), and mouse sarco ma 1 8 0 (Columbia via Jackson). The 
h am ster che ek p ouch is an excellent site for the g rowth and 
observation of s u ch tumors. 
In a physiologically normal site a typical inflamma t ory 
reaction occurs when alien tissue is introdu ced. The cheek 
p ouch , which is a p hysiological site, also produces this re-
s p on se. The results indicate that this defense reaction is 
not sufficient to prevent the g rowth of those heterosp ecific 
tra nsplants attempted. However, some tumors a re ret arded and 
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others re gress. It has been successfully demonstrated that 
serial subplantation of heterospecific tumors into other cheek 
pouches g reatly reduces the inflammatory reactions, and 
furthermore, subplanted tumors can be maintained over long 
periods of time, and show a marked increase in volume. Non-
mali&nant tissue was unable to survive the defense mechan-
ism. Its g rowth was completely impeded, and the tissue be-
c ame absorbed within twelve days after transplantation; 
therefore, subplantation was imp ossible. 
Heterospecific tumors transplanted into cheek pouches 
conform to the accepted criteria for successful trans planta-
tion of tissue. Accordi n g to modern concepts, a tra nsplant 
is considered as g rowing when, a. it is vasculari~ed by the 
vessels of the host, b. growth occurs within a reasonable 
period after transplantation, c. there is morpholog:.tcal and 
cytological similarity between the transplant and the original 
donor tissue, and, d. there is mitotic activity of tumor cells. 
Gross and histological studies showed that all of the malig-
nant t u mor transplants were vascularized by the blood vessels 
of the cheek pouch in from three to five days after trans-
plantation. Non-malignant tissue showed no signs of vas-
cularization. Because the tumors were allowed to grow freely 
without physical obstruction, early tran splants took the form 
·of a sphere or prolate spheroid. Some of the tumors filled 
the cheek pouch and subsequent ulceration and necrosis followed. 
Most of the cheek pouch transplants were morpholog ically 
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similar to the donor tumors. H:tstological sections showed 
that the transplanted tumor cells bore a close resemblance 
to the donor cells. Tumors which possessed a high degree of 
differentiation appeared to be much more anaplastic when 
grown in cheek pouches. The tumor cells of cheek pouch trans-
plants were similar to those which occurred in metastases 
found in donor animals. There were no ap p reciable chang es 
in the tumor cells of subplanted tumors. However, serial 
subplantation showed that the intercellular stroma, following 
the first pas s age, became progressively more like the hamster 
cheek pouch connective tissue than the intercellular stroma 
of the donor tissue. These finding s indicate that stromal 
incompatibility, and not response to tumor cells, might be 
responsible for the inflammatory reaction which follows trans-
plantation of tumors into alien species. Mitotic fi gures re-
vealed active proliferation of transplanted tumor cells. 
Frog renal adenocarcinoma (spontaneous B.U.) trans-
plants have persisted in cheek pouches for over two hundred 
days, mouse mammary adenocarcinomas . (spontaneous B. u.) for 
over one hundred and eighty days, mouse malignant melanomas 
(dba Jackson) for over one hundred and fifty days, rat fibro-
sarcomas (benzpyrene induced B.U.) and mouse lymphosarcomas 
(methylcholanthrene induced c3H Yale) for over one hundred 
days, guinea pig sarcomas (benzpyrene induced B.u.) for over 
one hundred and eighty-four days, and mouse sarcoma 180 
(Columbia via Jackson) for over sixty-five days. 
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The malignant properties of the s e tumors were thus 
confirmed by the length of their pers istence as compared 
with the very short duration of non~malignant t ransplants. 
The vascule.rity and growth of the tumor tissue as compared 
with those of non-malignant tissue transplants provided 
further confirmation of malignancy. Still further confirma-
tion was indicated by successful transfer of heterospec ific 
cheek pouch grown tumors into the ant erior chambers of the 
eyes of guinea p i g s, fr.ogs and mice. It had p r eviously been 
shown by severa l investigators that only malignant or em~ 
bryonic tissue would grow in anterior chambers of eyes 
except in autologous trensplant a tion. A further test for 
malignancy would be the a ppearance of J'lletns te. s es in hamsters 
which possess h eterospecific cheek pouch tumor s . Metastas es 
have occurred, in a few isolated ce ses, as a result of homo-
logous sarcoma tr~::ns p lE ntation into cheek pouches. l'erhaps 
metastases of het erospec ific tumors wi 11 occur if hamsters 
can be kept alive for a sufficiently long period of time 
following transplantation of these tumors into cheek pouches. 
As yet, however, there have been no indications of meta s tases. 
Evidence was also presented to show that all of the 
heterospecific tumors, which were transple.nted into cheek 
pouches, possessed many simila r growth char.a cteristics, such 
as inflammatory reactions, latent periods and vascularity. 
There were differences, however, in the rate of growth between 
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the vario u s tumors used. These dif ferences do not seem to 
be due to t he animal of o r i g in, since it bas been shown that 
frog renal adenocarcinomas can be successfully transplanted 
into ch eek pouch es. This is a demonstration of an interclass 
transplant, amphibian into mammal. Frog renal adenocarcinoma 
transplants were made successfully into hamster cheek pouches, 
then transferred into anterior chambers of the eyes of other 
fro g s, and finally returned to hamster cheek pouches. This 
is a demonstration of return interclass transplantation. The 
rate of growth of frog renal adenocarcinoma transplants was 
comparable with that of the mouse mammary adenocarcinoma. 
Therefore, it is b elieved that the differences in the rate 
of growth exhibited by the various t u mors used were due to 
the speed at which the constituent tumor · cells proliferate, 
and to the nature of the tumor, whether it be a sarcoma or 
a carcinoma. 
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- S U M M A R Y -
1. The followin g tumors were induced: 
a. Fibrosarcomas were ind u ced in rats by means of 
benzpyrene. 
b. A lymphoid-like sarcoma was induced in a guinea 
pig by means of benzpyrene. 
· 2. Two spontaneous tumors were obtained from Boston Uni-
versity laboratory stack animals, namely, a frog renal 
adenocarcinoma and a mouse mammary adenocarcinoma. 
3. The above tumors, pl u s certain tumors obtained from the 
Roscoe B. Jackson Memorial Labor atory, namely, a mouse 
lymphosarcoma (rnethylcholanthrene induced c3H Yale), 
a mouse malignant melanoma ( dba Jackson), and a mou se 
sarcoma 180 (Columbia via Jackson) were tra nsp lanted 
into the cheek pouches of hamsters where they became 
established in each case. The persistence of each t u mor 
in the cheek pouch was as follows: 
a. Frog renal adenocarc l noma. First pas sa ge trans-
plants be g an to reg r es s after thirty-four and one-
half days; second passa ge, after eighty days; third 
passa ge, after thirty days; fourth , fifth, and 
sixth passages, as yet have not be gun to regress. 
The total persistence to d a t e outside of the frog 
and in the h am ster cheek pouch is two hundred days. 
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b. Mouse mamma ry adenocarcinoma. First passage trans~ 
plants be gan to regress after twenty days; second 
passage, after twenty-ei ght day s; third and fourth 
passages, as yet h ave not be gun to regress. The 
total persistence to date in tre hamster cheek pouch 
is one hundred and ei ghty days. 
c. Mouse malignant melanoma. First passag e transp lants 
began to re gres s after fifty-six days; second and 
third passages, as yet have not begun to re gress. 
The total persist ence to date in the h a mster cheek 
pouch is one hundred and fifty days. 
d. Rat fibrosarcoma. First passag e transp lants be gan 
to regres s after t wenty-three d ays; second and third 
passages, a s y et have not begun to re gress. Th e total 
persistence to date in the hamster c;heek pouch is 
one hundred days. 
e. Mouse lymphosarcoma. First passage transpla nts be-
gan t o regress after nineteen days; second, third 
and fourth passages, as yet have not begun to r egress. 
The total persis t ence to date in the h amster cheek 
pouch is one hund red days. 
f. Guinea pig s a rcoma. First passag e tra nsplants began 
to re gres s after sixteen day s; passag es two through 
five, as yet have not be gun to re gress. The total 
persistence to d ate in the hamster cheek p ouch is 
one hundred and ei ghty-four days. 
g. Mouse sarcoma 180. First passag e transplants became 
necrotic after t wenty-eight days; second passag e, 
after twenty -two days; and third pass age, after fif-
teen days. The tot.al persistence to date in the 
hamster cheek pouch is sixty-five days. 
4. A severe inflammatory reac t ion immediately followed trans-
plant ation of a heterospecific tumor into the cheek pouch 
of a hamster. The inflammatory reaction was characterized 
by hemolysis, hyperemia and the presence of many blood 
and tissue phagocytes. This reaction appeared to be iden-
tical to the response of the host when any a.lien tissue 
is introduced. The severity of the inflamma tory reaction 
was reduced considerably when cheek pouch tumors were 
serially subplanted. 
5. All of the tran splanted heterospecif'ic malignant tumors 
were vasc ularized . by the blood vessels of the cheek pouch 
in from three to five days after transplantation. 
6. After a latent period of fou r to seven days, all of the 
malignant transplants in all pa ssages be gan to increase 
in volume. Early transplants took the form of a sphere 
or prolate spheroid. Certain sarcomas grew very rapidly 
almost completely filling the cheek pouch, and ultimately 
becoming ulcerated and necrotic. On the other hand, the 
other sarcomas and all of the carcinomas grew at a much 
slower rate and many ultimately regressed. However, there 
79 
was a mar ked increase in the volume of most of the cheek .. 
pouch tumors when they were serially subplanted. 
7. All of the transplants of sarcomas and a few of the car-
cinomas which were grown in cheek pouches were morpho-
logically and cytologically similar to the donor material. 
However, the intercellular stroma more closely resembled 
the connective tissue of the cheek pouch. This resem-
blance was increased with subplantation. 
8. Carcinomas, such as mammary adenocarcinoma of the mouse 
and renal adenocarclnoma of the frog, grown in cheek 
pouches, lost their high de gree of glandular and tubular 
differentiation. Histological sections revealed hi ghly 
anaplastic tumor cells, freely scattered through out the 
transplantation site. 
9. The tumor cells of the transp lants closely resembled the 
cells of corresponding metastases in donor animals in 
cases where such metastases were found. 
10. Successful transfers of certain of the above listed 
tumors to other sites were made, as follows: 
a. Frog renal adenocarcinoma was transp lanted into the 
hamster che e k pouch, then transferred to the anter-
ior chamber of the eye of the frog, and finally re-
turned successfully to the hamster cheek pouch. 
b. Mouse mammary adenocarcinoma was transplanted into 
the hamster cheek pouch and then transferred to the 
anterior chamber of the eye of the mouse. 
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c. Mouse mal ignant melanoma was transplanted into the 
hamster cheek p ouch. A portion of this tra nsplant 
was transferred to the anterior chamber of the eye 
of a guinea pig , and a second portion was transferred 
sub cutaneously to the back of a mouse of th e db a strain. 
d. Tra ns p lants of rat fibrosarcoma, mouse lymphosarcoma 
and guinea p i g sar coma we r e mad e into h a ms ter cheek 
pouch es, and then transferred to the ante r ior c ham-
bers of t h e eyes of g uinea pi g s. 
· 11. Tran s p lants of non-malignant tis sues were made as follows: 
a. Normal a dult ha mste r muscle, t hyroid, . liver, adrenal 
and cheek p ouch tissues were transp lanted as controls 
into h ams t er cheek pouches. None of the tra ns p lants 
showed signs of vasc ularization or growth, and all 
were comp letel y absorbed in t welve days. 
b. Normal cheek pouch tissue was transplanted into the 
anterior chamber of the eye of the fro g . At no time 
was there any indica t ion of g rowth. 
12. Malignancy of cheek pouch tumor transplants was confirmed 
by the fact that they were va sc ulari zed, incre ased in 
volume, persisted for long pe r iod s and disp layed mitotic 
fi gures. Non-malignant transplants, on the other h and, 
failed to show the se char~cteristics. Successful tra ns-
fer of cheek pouch grown tumors to the anterior chambers 
of the eyes of fro g s, mice and guine a pig s was further 
evidence for malignancy, since non-mali gnant tissue was 
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unable to survive intra-ocular transplantation. 
13. Many similarities could be observed in the growth 
characteristics of cheek pouch transplanted tumors de-
spite their diverse animal ori g ins. Similarities were 
greatest in inflammatory reactions, latent periods and 
vascularity. Differences in rate of growth were encount-
ered, but these appeared to be attributable to the speed 
of cellular proliferation inherent in the particular 
tumor, and to whether the donor rna terial was a sarcoma 
or a carcinoma. 
14. Lack of specificity in malignant tissue was demonstrated 
by the success of the above transplant ations, particularly 
the interclass transplants of fro g renal adenocarcinoma 
into the hamster, back to the frog, and then to the hams-
ter a gain. It is conjectured that the failure of hetero-
specific malignant tissue transplants commonly encountered 
can be overcome by making the stroma of the donor tumor 
and of the host more compatible through serial trans-
plantation. 
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Figure 4a 
Second passage renal ad enocarcinoma of the frog 
(spontaneous B. U.) growing in a hamster cheek 
pouch. Eighty days old, volume 44. 8 c. mm. · 
Figure 4b 
Third passage renal adenocarcinoma of the frog 
(spontaneous B.U.) growing in a hamster ch eek pouch • 
• 
Thirty days old, volume 48 c. mm. Transilluminated 
to demons t rate vascular supply. 
I 
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Figure 4a 
Figure 4b 
.Fi gure 5 
t3!3cond passa.ge mouse mammary . ad.enoearcinoma 
(spontaneous B.U.) growing in a hamster cheek 
pouch. Thirty-fiv e days old, volume 14.3 c. mm. 
Transilluminated to demonstrate vascu l a r supp ly. 
Figure 6a 
~ .. 
Mali gnant melanoma of t he mouse (dba Jackson) 
growipg i n a _ha.mster c he.ek pouch . First passage, 
. . 
forty days, volume 7.5 c. mrn. 
Figure 5 
Figure ,6a 
F-igure 6b 
Second passage malignant melanoma or the mouse 
(dba Jackson) growing in a hamster cheek pouch. 
Forty-two days old, volume 44 c. mm. Note trans-
plant is less me'lanoti c tba:n first pas sage trans-
plant (Fig. 6a). 
Figure 7 
Rat fibrosarcoma (benzpyrene induced B.u.) 
growing in a hamster ere ek pouch. , First 
passage, twenty days, volume 1,000 c. mm. 
Figure 6b 
Figure 7 
-Figure 8 
-Second passage mouse lymphosarcoma (methyl-
cholanthrene induced c3H Yale) growing in a 
hamster cheek pouch. Twenty-two days old, 
volume 12 c. mm. 
Figure 9 
Second passag e guinea pig sarcoma (benzpyrene 
induced B.U.) growing in a hamster cheek pouch. 
One hundred days old, volume 10 c. mm. 
Figu_re 8 
Figure 9 
Figure 10 
Mouse .sarcoma 180 - (Columbia via ·Jackson) 
growing in a hamster cheek pouch. First 
passage, :twenty days, volume 1,040 c. mm. 
Figure 11 
Same as Figure 10. Enlarged 4. 5x. 
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Figure 10 
Figu:re 11 
Figure 12 
~enal adenocarcinoma of the frog (spontaneous 
B· u.) growing in the anterior chamber of the 
eye of a frog. Thirty days old. Enlarged 3x. 
This implant was made after the tumor had been 
growing for ninety-three days in a hamster cheek 
pouch. 
Figure 13 
Rat fibrosarcoma (benzpyrene induced B.U.) 
growing in the anterior chamber of the eye 
of a guinea pig. Sixty days old. Enlarged lOx. 
This implant was made after the tumor had been 
growing for twenty days in a hamster cheek pouch. 
Figure 12 
Figure 13 
Figure 14 
Mammary adenocarcinoma of the mouse (spon-
taneous B.U.) growing in the anterior chamber 
of the eye of a mouse. Fifteen days old. 
Enlarged 4x. This implant was made after the 
tumor had been growing for twenty days in a 
hamster cheek pouch. 
Figure 15 
Hamster cheek pouch, unoperated. x section. 
Orig. mag. x430. 
Figure 14 
Figure 15 
-
E'igure 16 
Renal ad.enocarcinol,ria of the frog (spontaneous 
B.U.), displaying aborted tubular differentia-
tion. Orig. mag. x430. 
Figure 17 
Renal adenocarcinoma of the frog (spontaneous 
B.U. ), showing a single tubule, and individual 
tumor cells. Orig. mag. x970. 
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F'igure 16 
Figure 17 
F~igure 18 
First passage renal adenocarcinoma of the frog 
(sp ontaneous B.u.) g rowing in a hamster cheek 
pouch. Thirty days old. The tumor is shown 
infi lt rating the cheek pouch tis sue. Ori g . 
ma g . xlOO. 
Figu re 19 
Sa me as Fig ure 18, showing anaplastic tumor 
cells. Ori g . mag. x430. 
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Figure 18 
Figure 19 
Figure 20 
Same as Figure 18, displaying a typical 
tumor blood vessel. Orig . Im g . x970. 
-Figure 21 
Second passage renal adenocarcinoma of tLe 
· frog (spontaneous B. u.) -,g rowing in a hamster 
. cheek pouch. Eighty days old. The detail of 
t h e tumor cells closely resembles t ha 'tr of the 
. ori g inal tumor, Figure-._17. Ori g . ma g . x970. 
l ; 
···- ·· - __ .... . -- . -- .. 
- ' .r. ·. 
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Figure 20 
Figure 21 
Figure 22 
~enal adenocarcinoma bf . the frog (spontaneous 
3. u. ) growing in the anterior charnb e r of a frog 
_eye. Twenty-one days old. This implant was 
nade after the tumor had been growing for ninety-
three days in a mrnster cheek pouch. Note ana-
plastic tumor cells similar to those shown in 
,.ti'ig. 19. Orig. mag. x970. 
Figure 2~ 
Renal adenocarcinoma of the frog '( sp on tan eo us 
B. U~) growing in a hamster- cheek pouch. Twenty-
five days old. This transplant was made after 
a ninety-three day passage in a hamster c ·eek 
pouch, followed by a thirty day passag e i the 
anterior chamber of a fro g' s eye. The tumor is 
shown infiltTating the cheek pouch tissue. Orig. 
ma g . xlOO. 
. . 
Figure 22 
Figure 23 
Figure 24 
Same as Figure 23, showing anaplastic tum01 cells. 
Ori g . ma g . x970. 
:! 
Figure 25 
Mammary adenocarcinoma of the mouse (spontaneous 
B. u. ) showing aborted g landu lar forrnati o~. Orig. 
ma g . x430. 
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Figure 24 
Figure 25 
Figure 26 
Same as Figure 25, showing tumor cells in detail. 
Mitotic figures can be noted. Orig . mag . x970. 
Ij'igu re 27 
. Metastasis found in the . lung of the mouse which 
possessed marmnary adenocarcinoma (Fig . 26). This 
tumor is shown infiltrating thelung tis s ue. Orig. 
ma g . xlOO. 
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Figure 26 
Figure 2? 
Rigure 28 
&arne as Figure 27, showing tumor cell detail. 
Note similarity to tumor cells of the ori g inal 
mouse mammary adenocarcinoma (Fig. 26). Orig. 
mag. x970. 
figure 29 
Metastasis in the liver of the same mouse 
described in Figure 27. Tumor cells ce.'1 be 
· noted lnfil tra ting the 1 ive r tissue. Orlg. 
mag. x430. 
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Figure 28 
Figure 29 
.· 
Figure 30 
s.am.e . as ~igur~ 29, :?hawing detail of tumor cells. 
Orig. mag. x970. 
Figure 31 
Metastasis in the kidney of the same mouse de-
scribed in Figure 27. Orig . mag . ·X970. 
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Figure 30 
Figure 31 
Figure 32 
First passage mammary · adenocarcinoma of the mouse 
(spontaneous B.u.) gro wing in a hamster ch eek 
pouch. Nineteen days old. The tumor can be noted 
infiltrating the chee k pouch connective tissue. 
Ori g . ma g . xlOO. 
~ig ure 33 
Same as Figure 3 2 , showing anaplastic tumor cell 
detail and intercellular s tro·ma. Ori g . ma g . x970. 
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Figure 32 
' - -
Figure 33 
_ Figure 34 . 
Mouse mammary adenocarcinoma (spontaneous B.u.) 
growing in the anterior chamber of a mouse eye. 
Seventeen days old. This implant was made after 
the tumor had been growing for thirty days in a 
hamster cheek pouch. Note anaplastic tumor cells. 
Orig. mag. x970. 
Figure 35 
Malignant melanoma of the mouse (dba Jackson), 
displaying a few pigmented tumor cells and several 
oval, non-pigmented tumor cells. Ori g . mag. x970. 
9 9 
Figure 34 
Figure 35 
Figure . 36 
First passage malignant melanoma of the mouse 
(dba Jackson) growing in a hamster cheek pouch. 
Fifty days old. Many pigmented tumor cells are 
evident. Orig. mag. x970 • 
. Figare 37 
Second passage malig nant melanoma of the mouse 
(dba Jackson) growing in a hamster cheek pouch. 
Forty-two days old . Fewer pigmented tumor cells 
are noted than in a first passage transplant 
(Fig. 36). The intercellular stroma resembles 
that of the hamster cheek pouch connective 
tissue. Orig. mag. x970. 
, . 
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Figure 36 
Figure 3? 
e_igure 38 
Malignant melanoma of themouse (dba Jackson) 
growing subcutaneously in the back of another 
mouse. Sixteen days old. This implant was made 
after the tumor had been growing for thirty days 
in a hamster cheek pouch. Note lack of pigmented 
tumor cells. Orig. mag. x970. 
, Fig.;.re 39 
Rat fibrosarcoma (benzpyrene induced B.U. ), 
showing spindle shaped tumor cells. Orig. mag. 
x970. 
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Figure 38 
Figure 39 
Fig ure 40 
Meta s tasis in the lung of tre rat desc r ibed in 
Fi gu re 39, s ho wing infiltration of the tumor 
into the lung tissue. Ori g. ma g . xlOO. 
Figure 41 
Same as F i g ure 40 , show ing many rounded tumor 
cells. Ori g . mag . x970. 
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F:Lgure 40 
F.;igure 41 
Figure 42 
Metastasis in the lymph gland of the rat 
described in Figure 39. Rounded cells and 
a few spindle-shaped cells are evident. Ori g . 
ma g . x970. 
Figure 43 
Rat fibrosarcoma (benzpyrene i nd u ced B. U.) 
growing ~n a hamster cheek pouch. The rounded 
tumor cells closely resemble t h ose found in the 
lung meta s tasis of therat (Fig . 41). First 
passage, twenty-two days. Orig. ma g . x970. 
103 
Figure 42 
Figure 43 
Figure 44 
• 
Second passa ge rat fibrosarcoma (benzpyrene 
induced B. u.) growing in a h amster cheek pouch. 
Thirty-six day s old. The intercellular stroma is 
similar to that of the normal hamster cheek pouch 
connective tissue. Rounded tumor cells are evident. 
Orig. mag. x970. 
F:hgure 45 
Mouse lymphosarcoma (methylcholanthrene induced 
c3H Yale), showing many large lymphoblastoid 
tumor cells. Ori g. ma g . x970. 
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Figure 44 
Figure 45 
Figure 46 
Mouse lymphosarcoma (me thylcholanthrene induced 
c3H Yale) growing in a hamster cheek pouch, 
showing small cells resembling mature lymphocytes. 
First passage, eighteen days. Orig. mag. x970. 
1Fig ure 47 
Third passage guinea pig sarcoma (benzpyrene 
induced B. u.), growing in a hamster cheek pouch~ 
Thirty-two days old. Tumor cells which resemble 
mature and immature lymphoid cells are evident. 
Orig. mag. x970. 
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Figure 46 
Figure 47 
~igure 48 
Mouse sarcoma 180 (Columbia via Jackson) showing 
large pleomorphic tumor cells and inconspicuous 
intercellular stroma. Ori g . mag. x970. 
Figure 49 
Mouse sarcoma 180 (Columbia via Jackson) growing 
in a hamster cheek pouch. Tumor cells resemble 
original tumor. Mitotic figures can be noted. 
First passage, twenty days. Ori g . ma g . x970. 
.L u tl 
Figure 48 
Figure 49 
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Heterospecific t u mors were transp lanted into the trans-
parent, hi ?)l ly vasc ular cheek pouch mem brane of the g olden 
hamster (Mesocricetus auratus). The tumors used for making 
the transplants were obtained from the laboratory at Boston 
University and from the Roscoe B. Jackson Memorial Laboratory. 
Chemically induced tumors produced at Boston University in-
clude benzpyrene induced rat fibrosarcomas and a benzpyrene 
induced guinea pig sarcoma. Frog renal a d enocarcinomas and 
mouse manrrnary adenocarcinomas have occurred spontaneously 
in the labora tory stock animals at Boston University. A 
mouse lymphosa r coma, a mouse m~lignant melanoma and a mouse 
sarcoma 180 were ob tained from the rioscoe B· Jackson Mem-
orial Laboratory. The hamster cheek pouch is an excellent 
s:i.te for the growth and observation of such tumors. 
Carefully selected heterospecific tumor tissue, with 
implant size 1.0 cubic millimeter, was lntroduced semi-
microscopically into the v ascular connective tis sue beneath 
the ep:ithelium of the everted cheek pouch. The transplants 
were observed under a binocular diss e cting microscope, using 
either reflected 1 i ght or t ransillumina ti on. Measlxrements 
were made with an ocu lar micrometer and vert:i cal scale at 
48 and 72 hour intervals. Histolog ical sect:ions of all 
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donor and transplanted tissues were studied. Photographs 
were taken to show the gross appearance and the microscopic 
details of original tumors, metastases and transplanted tumors. 
A severe inflammatory reaction, characterized by hemo-
lysis, hyperemia and the presence of many blood and tissue 
phagocytes, immedia t ely followed transplantation of hetero-
specific tumors into cheek pouches. This reaction seemed to 
be similar to the resp onse produced by any host when alien 
tissue (protein?) is introduced. This defense reaction was 
not s ufftcient to prevent the growth of those heterospecific 
tumor transplants attempted. However, some tumors were re-
tarded and others ult i mately re gressed. Serial subplanta-
tion of heterospecific tumors into other cheek pouches greatly 
reduced t h e inflammatory reaction. Non-malignant tissue was 
unable to survive the defense mechanism. Its growth was 
completely impeded. Re gression followed and the tissue be-
came comp letely absorbed within 12 day s af ter transplantation. 
At no time was the tissue sufficiently viable to be effectively 
subplant ed. 
Transilluminated preparations showed the details of 
beginning vascularization. All of the heterospecific mali gnant 
tumor transplants were va sculari z ed by the blood vessels of 
the cheek pouch in from 3 to 5 day s after trans plantation. 
Non-mali gnant homospecific and he terospecif ic tissue gave no 
ind ication of becoming vascu larized. 
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After a l atent period of 4 to 7 days all of the malig- -
nant transplants began to increase in volume. Because the 
tumors were allowe d to g row freely withou t physical obstruc-
tion, early transplants to ok the form of a s phere or prolate 
spheroid. Some of t he r apidly proliferating sarcomas grew 
exp onentially to over l.Occ. before ulcerat ion and n e crosis 
took place in approximately 30 days. Other · tumors g rew more 
slowly but have persisted over a long er period of time. Ser-
ial subp lantation has matntained cheek nouch t umors over longer 
periods of time (many ov er 200 days) than first gene ration 
che ek pouch transplants, and furthermore, most s ubplanted 
tumors showed a marked increase in volume over single 
passage tumors. Most of the t u mor transp lants, re gardless 
of rapid growth or retarded growth and ultimate re gression, 
were morphologically similar to the donor tumors. 
Histological sections revealed that the tumor cells of 
the donor and those of cheek pouch transplants looked very 
much alike. However, the tumor cells of many of the trans-
plants more closely resembled the cells of metas tases found 
in the d onor animals. Furthermore, it was observe d that 
carcinomas such as mammary adenocarcinoma of t he mouse and 
renal adenocarcinoma of the frog , when g ro wn in cheek pouches, 
had lost their high de gree of g landular and tubular dif-
ferentiation. The tumor cells became very anaplastic and 
were freely scattered through out the tra nsplantation site. 
A malignant melanoma of the mouse retained j_ts pigment in 
first generation cheek pouch transplants but became almost 
completely amelanotic in subsequent passages. It was con-
cluded that the tumor cells in their struggle for existence 
in the new environment were not capable of producing the 
melanin pigment. 
The intercellular stroma of the .cheek pouch transplants 
differed, in most cases, from that of the donor tumors. The 
stroma of most of the transplants was very similar to the 
connective tis sue of the hams t er cheek pouch. Serial sub-
plantation of tumors into other cheek pouches seemed to 
increase this stroma-cheek pouch connective tissue resem-
blance. These f inding s indicate that stromal incompatibility, 
and not a response to tumor cells might be responsible for 
the inflammatory reaction fallowing :trans plan tat ion of 
tumors into alien species. Subplantation increases the 
stromal compatibility and consequently the inflammatory . re-
action is reduced. Many normal and abnormal mitotic fi gures 
indicated active proliferation of tumor cells in cheek pouches. 
Malignancy of transplanted tumors was confirmed by two 
methods. First, mali gnant tumor transplants were vascu-
lar1zed by the blood vessels of the cheek pouch. These trans-
plants increased in volume, and persisted o~er long periods 
of time. Non-malignant transplants, on the other hand, were 
absorbed shortly after being transplanted, with no indication 
of vascularization or increase in volume. The second method 
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utilized to confirm mali gnancy of che ek pouch tumor transplants 
was by transferring the c h eek pouch g rown t u mors to the anter-
ior chambers of the eyes of fro g s, mice and g uinea p i g s. A 
renal adenocarcinoma of t he fro g was transferred from the hams-
ter cheek pou ch to t be anterior chambers of the eyes of other 
fro g s. Th i s p rocedure was repeated uslng ma mmary adenocar-
cinoma of the mouse and the anterior chambers of ih e eyes of 
mice. Sarcoma s and ot her carcinomas of mice, rats and guinea 
pigs were transferred from cheek p ouches into anterior chambers 
of g uinea p i g eyes. All of t hese malignant intra•ocular trans-
plants subse quently grew, wh ile non-malignant tissue was unable 
to survive, and gav e no i nd ication of g rowth. It wa s further 
shown that fro g renal adenocarc i noma cheek pouch transpla nts 
which had been transferred to the anterior cha mbers of fro g 
eyes could be s uccessfully retransferred to hamster c heek 
pouches. Thi s is an examp le of interclass trans plantation. 
Many striking similarities were noted in the growth 
characteristics of the various transplanted tumors re gardless 
of their diverse animal ori g ins. The i n flammatory reaction, 
the p eriod when vasculariz ation was first observed, and t h e 
latent peri od were practically alike for all of the tumors. 
The differences noted in the g rowth characteristics, such a~ 
size of t u mors and du rati on of persistence in cheek pouches 
seems to depend on the rate of cellular proliferat ion. A 
very actively g rowing tumor s uch as mouse sarcoma 180 attained 
en ormous size in a few weeks but ulceration and necrosis took 
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place very rapidly. On the other hand, the renal a d enocarcl-
noma of the fro g g rew very slowly, did not attain the size of 
sarcoma 180, but has pers isted over a lrmg period of time. 
Sarcomas seem to thrive better in cheek pouches than do car-
cinomas because the well vascularized connective tissue of 
the cheek pouch is a much more sui table medium for the sar-
coma which is of mesenchymal orig in than the carcinoma which 
is of epithelial origin. The period of tumor re gression did 
not appear to follow any uniform p a ttern. 
Metastases have not as yet been observed in hams t ers 
in which heterospecific tumors have been implanted into 
che ek pouches. However, metastases have been found, in 
a few isolated ca ses, in h a msters in which homologous sar-
comas hHd been implanted. The metastases occurred several 
months a f ter the cheek pou ch tumors had been removed. It is 
considered possible that should hamsters be kept alive long 
enou gh after heterospecific tumors are transplanted into 
cheek p ouches, metastases will also occur. 
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